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Abstract
States across the nation are reporting a shortage in teachers, with science being a
particular area of need (Sutcher, Darling-Hammond, & Carver-Thomas, 2016). Research has
been done, and is still taking place, centered around elementary school teachers and their beliefs
on science teaching (Avraamidou, 2014; 2016), due in part to a noticeable trend in low science
teaching self-efficacy, which can impact students’ beliefs in science (Bergman & Morphew,
2015; Krajcik, Czerniak, & Berger, 2003; Menon & Sadler, 2016; Ramsey & Howe 1969;).
Studies on science teacher identity are not often representative of elementary education teachers
(Mensah, 2016); nor do they approach the topic from a discussion of subjectivity (Bazzul, 2016).
Through collaboration by means of Participatory Action Research (PAR) between myself, as an
instructor, and six pre-service elementary teachers, as undergraduate students, we explored what
it means to be(come) an elementary science teacher. PAR gave us a space to negotiate the
traditional power relations between teacher-students and researcher-participants by allowing for
an authentic collaboration where the students’ realities and views of who they are and want to be
as science teachers lead the class. Using a theoretical framework of subjectivity and building off
work in elementary science teacher identity (Avraamidou, 2014; 2016; 2019; Mensah, 2016), we
disrupted the traditional course expectations and created our own course based on students’
questions and understandings. The study took place in a sixteen-week elementary science
methods course with six students and one instructor. Students in the course were enrolled in the
teacher preparation program and in their last semester of course work before completing fulltime residency in an elementary or middle school. Data consists of various documents including
the co-created course syllabus, assignments, readings, activities, and journals, as well as teacher
observations and notes. Individual journal reflections were required at the end of every class and
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class conversations dove deeper in to concepts on science education and science teacher identity.
Collectively, we created a class journeys timeline, which serves as our representation of what we
learned about ourselves as science teachers throughout the project.
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Chapter 1
Becoming a Science Teacher: Together?
Reading, math, science, or possibly something else? What kind of teacher am I? What
kind of teacher do I want to be? After I graduated with a Bachelor’s of Science in elementary
education and a with K-6 teaching license, I faced a choice. While this choice may be seemingly
unimportant to others, it seemed to me in that moment, to be quite important. I had technically
studied how to be an elementary teacher, so that is what I was, right? The only problem was that
the Master’s program I was applying to was specifically designed for middle school teachers in
specific content areas. And so, my inner dialogue began: I am an elementary teacher; not a
reading, math, or science teacher. But I must pick. I feel like I know how to teach reading. Math
is not my favorite. I really enjoyed science in high school. But I am not a science teacher. I don’t
know how to be a science teacher … Could I be a science teacher? And despite, or possibly due
to, that process of questioning, my decision was ultimately made. When accepted into the
program, I was placed in a middle school as a fifth-grade science teacher. The reality of my
decision then began to sink in.
Throughout the two years of my Master’s program while teaching fifth grade science, I
gradually came to see myself more as a science teacher than an elementary teacher. I became
well versed in science teaching methods and middle school science content. What happened?
Just a few years earlier I only saw myself as an elementary teacher, with no clue how to teach
science. Now, when I introduced myself, I confidently stated, “I am a science teacher”. My
conceptualization of who I was as a teacher changed. However, these views did not change
because of something I did independently, but quite the opposite. Because of my new
experiences and the students and mentors learning with me, I was seeing myself as a different
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kind of teacher than before. I had never thought of myself as a science teacher before beginning
this program and teaching science. As a teacher certified to teach elementary school, I had
assumed I would be a teacher of various contents connected to an age, not a teacher connected to
one specific subject. After some time teaching science and being recognized as a science teacher,
my view of myself as a teacher, my science teacher identity, changed.
My pre-service teacher training was very specific to general elementary teaching
pedagogy. Science strategies were lumped in with other teaching strategies, never discussed on
their own. I did not see many science lessons taught in classroom observations; it was as if
science only happened if there was extra time. (And there was rarely extra time.) I do remember
teaching one science lesson in my pre-service experience: a second-grade unit on the moon. For
this unit, I set up lots of stations for great moon explorations, or so I thought at the time. (This
would come back to haunt me when I learned more specific science teaching strategies in my
Master’s program.) Even with this experience, I did not consider myself a science teacher.
Instead, I saw myself as an elementary teacher, teaching a fun lesson – that happened to cover
science content. It was not until a forced reflection to choose what kind of teacher I wanted to
become, that I realized how my teacher preparation program had influenced how I saw myself as
a teacher.
I removed myself from the middle school classroom for two years while I began pursuing
my doctorate, however, I still identified as a science teacher. During the first year, I worked part
time as an interventionist in an elementary school. It was there that I saw the things my former
middle school students would share with me regarding their science experiences in elementary
school. Science was something of little focus in the classroom and, when focused on, it was
through worksheets.
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The second year of my doctoral studies, I accepted a position as a graduate teaching
assistant. When thinking on how to teach the elementary science methods course I reflected on
the things that occurred on my journey to becoming a science teacher: my own doubts about who
I was as a science teacher, my middle school students’ beliefs about themselves in science, and
the amount of time and pedagogical styles I had seen in elementary science instruction. These
points in my journey met in this place of me preparing to teach others about how to be teachers
of science. How did I get here? What led me, an elementary teacher with little observation of
science teaching in elementary schools, to eventually seeing myself as a science teacher?
On the first day of our science methods course I heard familiar statements that led me
back down the halls of the middle school in which I taught. These statements and facial
expressions seemed all too familiar to those of the 11, 12, and 13-year-old students in my
classroom. Faces of fear. Statements of a general dislike of science. Voices of those who did not
see themselves as science teachers. Was I surprised when many of my undergraduate students
shared their doubts about their identities as science teachers? Sadly, no. I knew all too well the
feelings they were sharing. I decided to set a goal for us as a class: all students will leave being
able to see themselves as teachers of science.
But, how do I show them? How do I help others along in their recognition of self, without
forcing my ideas upon them of exactly what kind of teacher they should be? And what if my
interpretation of what kind of science teacher they should be, does not match with their own
interpretations? These questions became, and are still becoming, the basis for my study,
Becoming a Science Teacher Together. I asked these questions and proceeded in creating a
greater understanding of what aspiring elementary educators need to see themselves, as Gee
(2000) would say, as a ‘science kind of’ teacher.
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My situation may be different from that of my students in that I was solely a science
teacher and as elementary teachers they will be expected to teach all subjects. Pre-service
elementary teachers are taught to teach the subject areas of literacy, math, social studies, and
science. This study explored how pre-service elementary teachers come to understand science, as
well as who they are as science teachers, through the co-creation of a science methods course.
Building off current identity of work in education (Avraamidou, 2016; Carlone & Johnson, 2007;
& Gee, 2000), this co-creation allowed pre-service teachers to conceptualize the kinds of science
teachers they want to be(come).
Theoretical Context
While many researchers have discussed identity and subjectivity in different ways, it is
the work of Foucault (1982; 1987; 1988) that will provide an anchor for the discussion and
perspective throughout this proposed study. It is not to say that one way of discussing or defining
subjectivity is right, but it is to create a deeper understanding of what it means specific to the
purposes of this study. While I will be using the term identity as it was written by various
researchers (Avraamidou, 2016; Carlone & Johnson, 2007) in the review of literature to situate
this study, in my own understanding and theory, I will use the term subjectivity, through a
poststructural and Foucauldian (1982; 1987; 1988) understanding.
Poststructural thought views meaning as produced through difference; as St. Pierre
(2000) states, that in poststructuralism the “signified is never fixed once and for all but is
constantly deferred” (p. 418). Further, poststructural analysis seeks ways to question what has
traditionally been viewed as normal – to see what spaces can be opened up (St. Pierre, 2000). In
her overview of poststructuralism feminism in education, St. Pierre (2000) discusses identity
within poststructuralism while referencing various works, “Identity in poststructuralism is thus a
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‘‘heterogeneous and incomplete process’’ (Flax, 1993, p. 93), an ongoing activity, an
‘‘innovation’’ (Foucault, quoted in Miller, 1993, p. 336), ‘‘our running self-identikit’’ (Spivak,
1993, p. 4)” (p.502). So, while our views of self can be (re)constituted, it does not mean we are
ever without an identity waiting on it to be formed. Rather it is continual in how we see
ourselves at every moment and within every space, which is impacted by contextual aspects,
discourses, reflective practices, and others. St. Pierre continued this thought quoting Flax, “Any
‘‘temporary coherence into seemingly solid characteristics or structures is only one of
subjectivity’s many possible expressions…What felt solid and real may subsequently separate
and reform’’ (St. Pierre, 2000, pp. 502-503). The idea that identity is “only one of subjectivity’s
many possible expressions,” (Flax, 1993, p. 94) gives a place to think about identity differently
than in traditional science education research. As used in this study, identity is conceptualized as
one expression of our subjectivities. It is important to note here, as Jackson (2001) mentions,
identity in a humanist definition assumes a common thread or experience; however, identity as a
sense of self, or an expression of subjectivity, is about different experiences and understandings,
meaning this is different for each person. By viewing identity this way, different questions can be
asked.
Through subjectivity as a theory, a person’s story can be explored to gain deeper insight
into how she/he is viewing her/himself in a certain context. While through a Foucauldian (1982)
understanding, although we are not viewing the subjects of stories as truth, they are still parts
that can explain how discourses and power relations were enacted at various moments, impacting
us as subjects. It is this exploration into how we see ourselves, the exploration of our story that
we come to care for and know ourselves. In all moments, we are already constituted by the
objects and others we interact with. These pieces: stories, recognition, beliefs, conceptualizations
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– conscious or not - make up our subjectivities. And these pieces have been constituted due to
dialogues that change depending upon our place, gender, ethnicity, religion, race, etc. meaning in
all places, we are enacting multiple subjectivities.
Significance
Why science?
States across the nation are reporting a shortage in teachers, with science being a particular
area of need (Sutcher, Darling-Hammond, & Carver-Thomas, 2016). Research has been done, and
is still taking place, centered around elementary school teachers and their beliefs on science
teaching (Avraamidou, 2014; 2016), due in part to a noticeable trend in low science teaching selfefficacy, which can impact students’ beliefs in science (Bergman & Morphew, 2015; Krajcik,
Czerniak, & Berger, 2003; Menon & Sadler, 2016 Ramsey & Howe, 1969). The first questions I
ask when hearing this information are questions of why: Why a shortage of science teachers? Why
low self-efficacy in science teaching among elementary educators? While these are separate
questions and reside in separate areas of science education, these pieces make up a bigger whole.
For some reason, or reasons, people are not choosing to become, or stay, science teachers and
along with that, some of those choosing to be elementary teachers are struggling with their belief
in their ability to teach science. And thus the cycle begins, when teachers struggle with their
efficacy in science, their beliefs can be passed on to students furthering the cycle (Avraamidou,
2016; Bergman & Morphew, 2015).
If you couple this cycle with the promotion of science, technology, engineering, and math
(STEM) careers and education across the nation (Green, 2014); the continued shortage of
diversity amongst those in STEM fields (National Science Foundation, 2015; National Student
Clearinghouse Center, n.d.); and the small amount of science teaching time in elementary
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schools (Trygstad, Smith, Banilower, & Nelson, 2013) even more questions can be asked.
Studies focusing on elementary science teacher identity can help address pieces of these puzzling
questions.
Identity
Identity is often discussed as a story, as our personal stories (Avraamidou, 2016;
Connelly & Clandinin, 1990; Sfard & Prusak, 2005). Other times, it is discussed as being
recognized by both the self and others as a ‘certain kind of person’ (Gee, 2000). Avraamidou
(2016) addressed identity, referencing Gee (2000), as a connection between self, others, learning,
and our world. She further discussed how identity generally refers to the “characteristics of self:
who someone is and the ways in which she/he presents her/himself in everyday life”
(Avraamidou, 2016, p. 154). Carlone and Johnson (2007) posited that identity, even in teaching,
must consider intersectionalities including gender, race, and ethnicity. Constant among
discussion is the idea that it is dynamic, ever-changing, and communal as well as individual
(Avraamidou, 2016; Gee, 2000; Hogg, Terry & White, 1995; Kroger, 2004). Luehmann (2016)
and Avraamidou (2016) echo Gee’s (2000) explanation of identity as an enactment of the kind of
person one is and seeks to be.
When discussing identity in relation to schools, the concept of teacher identity gives
insight to the ways in which teachers view themselves, and how these views inform practice.
Avraamidou (2016) defined teacher identity as having three aspects: “a) teacher identity is
socially constructed and constituted; b) teacher identity is dynamic and fluid, constantly forming
and reforming; c) teacher identity is complex and multifaceted, consisting of various subidentities that are interrelated” (p. 154). Studying identity specifically in the context of teachers
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and education gives a place to call into question the practices, pedagogies, and discourses
surrounding teaching and learning.
Situating the study
We as subjects affected by and responding to our surroundings come to know ourselves
differently depending on context (Foucault, 1988; Hogg, Terry, & White, 1995). If pre-service
elementary teachers are shown that they are science teachers as a part of their stories, if they are
given the space to be reflective in practices, if they can join with others along the same journey –
will they be able to come to see themselves as science kinds of teachers? If, as previously stated,
the self is impacted by all contextual aspects and is something recognized through reflection and
dialogue, how does education impact our story? Many science teacher identity studies use
methodologies such as narrative inquiry, interviews, and case studies. My study builds off
previous work in science education and conceptualizes science teacher identity through
subjectivity – as an expression that is not fixed but is a constant site of conflict (Avraamidou,
2014; 2016; St. Pierre, 2000).
While the literature on science teacher identity continues to grow, two aspects related to
this study have been overlooked, in which I will situate my study (Avraamidou, 2016). One
overlooked area in science teacher identity work is the lack of studies specifically focused on
elementary teacher identity in science (Avraamidou, 2016; Mensah, 2016). The second gap is in
response to the discussion of subjectivity in understanding pre-service elementary teacher
identity. It is with subjectivity that I suggest the idea of pre-service teachers as subjects that fit
into a prescribed mold should be questioned. Pre-service teachers as students should be given the
space to envision who they are and want to be as science teachers. Through a participatory action
research project (PAR), science teacher identity will be explored by working with pre-service
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elementary teachers in a methods course to expose our subjectivities and shift power relations by
creating the course together/with.
Purpose Statement and Research Questions
In this PAR study, research was in collaboration with pre-service elementary teachers
through journaling, classwork, conversations, and syllabus creation. My participants were six
students enrolled in a science methods course at a university in an urban area of the mid-southern
United States. Together, we explored ourselves as elementary science teachers, through the cocreation of our methods course. Rather than prescribing standard curriculum, the curriculum was
created based on their perceived needs as future science educators. Initially, this study was
developed around the following focus questions:
1) How do pre-service elementary teachers understand science education?
2) How do pre-service elementary teachers conceptualize their science teacher
subjectivity?
3) How do the experiences of pre-service elementary teachers constitute the kind of
science teachers they want to become?
These questions guided the development of the study; however, ultimately shifted when the
course began and we engaged in our research together. The questions became:
1) How does co-creation of a course support and challenge us as science teachers?
2) What is science and who are science teachers?
3) Does co-creation of a science methods course generate space for our views of teaching
science?
Science education research is lacking in the use of subjectivity as a concept and/or theory
(Bazzul, 2016). Consequently, I reviewed the research on science teacher identity to gain insight
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into how the sense of self has been studied in science education. Current research on science
teacher identity predominantly uses methods of interviews and case studies to explore preservice and in-service teachers’ identity formation (Avraamidou, 2016). It is also important to
note that studies on science teacher identity are not often representative of elementary education
teachers (Mensah, 2016); nor do they approach the topic from a discussion of subjectivity
(Bazzul, 2016). My study proposes discussing science identity for pre-service teachers in a
different way; where students are given an opportunity to become elementary science teachers by
deciding what it means to them to be science educators.
The foundation of this study rests on the understanding that our subjectivities, including
our conscious and subconscious beliefs and ideas, are influenced by contexts in which we are
subjects. Therefore, by allowing pre-service teachers to be involved in designing the course
content and methods curriculum, by shifting the traditional classroom power relations, they will
be able to develop a different sense of self as a teacher of science than in a traditionally
structured methods course. While previous studies have shown changes in elementary preservice teachers’ science teaching identity after a traditional methods course, (Avraamidou,
2016; Mensah, 2016) the purpose of this study is to rethink and recreate a methods course in a
way where traditional roles and expectations are questioned and rethought as to explore our
subjectivities as science teachers throughout the process. Having pre-service teachers help design
the course will allow for them to recognize themselves and each other as science teachers.
Traditional courses limit science teacher identity development because they are structured
around a professor’s ideas of what kinds of teacher they think students should become. This
presents a limited, one-sided view of science teaching and makes assumptions that all will
become the same kind of science teacher. However, co-creation opens possibilities for what it
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means to be a science teacher, shifting the focus from the professor’s ideas and providing
students an opportunity to decide what being a science teacher means for them.
Overview
Chapter 2 will review past and current literature pertaining to the focus of this study.
Beginning with literature on subjectivity as a theory and concept within poststructuralism, this
chapter explores the connections between subjectivity and identity. Building on these ideas, a
discussion of teacher identity, science education, and elementary teacher preparation follow to
situate the study. Chapter 3 provides an outline of the methodological design and plan for the
study, reviewing methods, data collection, and analysis. Chapter 4 presents our data as a site for
exploring the interconnectedness with others in becoming science teachers and Chapter 5
concludes with a discussion and further implications.
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Chapter 2
Theory and Literature
To justify and further explain the theoretical framework that I will use, the problem must
first be discussed. As previously mentioned, a shortage of science teachers has been reported
across the nation (Sutcher, Darling-Hammond, & Carver-Thomas, 2016). This shortage
continues at a time where national programs and funding have been on the rise for Science,
Technology, Engineering, and Math (STEM) education (Green, 2014). At a time where, despite
these recent pushes, diversity amongst those in STEM careers remains low (National Science
Foundation, 2015; National Student Clearinghouse Center, n.d.).
Examining science education in schools can lend some information as to how science is
taught and perceived within school settings, and this may inform our knowledge surrounding
who goes on to pursue STEM careers. Research regarding elementary science teachers’ views
and beliefs about teaching science is not new, but is still showing a disconnect (Krajcik,
Czerniak, & Berger, 2003; Ramsey & Howe 1969). Along with this, according to Bergman and
Morphew (2015), teachers’ views and beliefs regarding science can be passed to students. The
most recent research study conducted by Horizons, showed elementary teachers reported the
average time spent on science daily was 20 minutes (Plumley, 2019). So, despite pushes and
funding for STEM education and science teachers, science education is still struggling. Why?
I am concerned with this issue because it speaks of the external forces that impact how
we view ourselves in various areas, our multiple subjectivities: how we are situated as subjects,
what we are subject to, and how our subjectivities are constituted. We, as subjects affected by
and in response to our surroundings, come to know ourselves differently depending on contexts
and available discourses. If students are shown that they are and can be science teachers, if they
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can study who they are in reflective practices, and join with others along the same journey, will
they be able to come to see themselves as science teachers?
Foucault and subjectivity: Why subjectivity - Isn’t identity enough?
An understanding of subjectivity from a Foucauldian (1987) perspective argues that we,
as subjects, are shaped by all contexts in which we interact. According to Foucault a subject can
mean two things: “subject to someone else by control and dependence; and tied to his own
identity by a conscience self-knowledge” but “both meanings suggest a form of power which
subjugates and makes subject to” (p. 781). He goes on to state that one can become a subject by
one of two dividing practices: “either divided inside himself or divided from others” (p. 778). St.
Pierre (2001) described Foucault’s various views of the subjects as “a subject dispersed in
discourse, a subject constituted in discourse, and a subject constituted in practice” (p. 153). As
subjects, we are constantly being (re)constituted based on the effects of power relations,
discourses, and practices.
Subjectivity can be defined as the beliefs, thoughts, and views - conscious and
subconscious - of an individual and how they see themselves relating to the world, all of which
are of the produced by positions as subjects (Bazzul, 2016; Jackson & Mazzei, 2012; St. Pierre,
2001). It is an “ongoing process of ‘becoming’ – rather than merely ‘being’ – in the world”
(Jackson & Mazzei, 2012, p. 53). Subjectivities are never completely constituted, but are always
changing and evolving based on relationships and context. Contexts and those involved play a
role in how the subject understands and perceives her/himself (Mansfield, 2000). The concern in
science education is that which includes teachers’ beliefs, thoughts, and views – all which are
included in their subjectivities and all of which can change based on various aspects. As
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mentioned above, a theory of subjectivity allows for a questioning of traditional teaching
methods by interrogating and (re)negotiating the relations between teacher and student.
Using a Foucauldian view of subjectivity as my theoretical framework, the ideas of
power and discourse are very important. We, through various discourses and places, are
subjected to becoming in multiple areas and ways, some of which we may not consciously
realize. Take, for example, the teacher-student relationship, which is the driving relationship in
my study. Our society has conceptualized, and reiterated through practice, the teacher as being in
a position of power over students (Foucault, 1987; Jackson 2001). The teacher has the perceived
power, and the students are expected to do as told and follow a set curriculum and rules (Emdin,
2016; hooks, 2014; Kohn, 1993). Schools serve as institutions, or apparatuses, that further certain
discourses and practices (Bazzul, 2016). Those studying to be teachers cannot escape from these
relations, as they are everywhere. And, if not acknowledged, will be relations and practices we
reiterate as we (be)come from students to teachers of our own classrooms.
A Foucauldian (1982; 1987) perspective on this power relation might challenge this
simplistic conceptualization by suggesting that power is not necessarily negative and dominant,
nor is it a possession of an institution or person, but is constantly flowing and being negotiated
within spaces. Power relationships will always exist and, as opposed to seeking to alleviate them,
we should instead seek to understand how and what they are producing and impacting (Foucault,
1982; 1987). Since we are so affected by others in our understandings of self, we need to be
aware of the power relations that play into impacting others’ subjectivities - for teachers and
students of all levels. In this study, the traditional power relationship in an educational setting is
reframed to see what happens regarding how we, as a class, come to see ourselves as teachers of
science. The journey of teacher and students is taken together; our relationship(s) constitute,
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create, and have the capacity to transform. It is in this that I seek to disrupt traditional
conceptualizations of power and knowledge within an undergraduate education classroom and
encourage students in their journeys as educators. To do this, I need to not only think differently,
but do differently. A theory of subjectivity in an education course opens this space to do both as
it allows for different questions to arise and a disruption to take place.
These different questions come from places of thinking of teachers and students, and their
roles differently. For myself, my questioning begins as such: If I am working with pre-service
teachers, supplying the curriculum and material on how to be a science teacher, I am impacting
how they see themselves as science teachers. Their subjectivities are related to the discourses
which are available within our classroom, and these discourses are ones I am selecting –
consciously and subconsciously – because of my own experiences and subjectivities. Therefore,
what does it mean for me, a white female, former middle school science teacher, to tell them how
to be science teachers? And to further problematize this idea, what does it mean for me to then
ask questions about how my ideas of teaching science impact their ideas of who they are as a
science teachers. Something about that situation just does not feel right.
The perceived power I hold as a teacher in a traditional classroom setup is a power that
needs to be interrogated and (re)negotiated. The way I, as a teacher of a science methods course,
present who science teachers are and what science teaching is will impact this community of
students. The choice of wording, the set-up of curriculum – every aspect – will serve in a part of
how this group of teachers constructs their subjectivities as science teachers. Instead of relying
on my instruction of what science is, what kinds of science teachers they should be, and what
experiences they need, we should work - teachers and students - to decide these things together.
What do they think science education is? What kinds of teachers do they see themselves as?
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What kinds of teachers do they want to be? Can they see themselves teaching science? And if
not, what kinds of things would help them along that journey? Or, to ask in a Foucauldian way,
how are these pre-service teachers aware of their subject positions? How have these positions
impacted their experiences and understandings of science and science teaching?
So, why not continue with a theory of identity rather than subjectivity? It seems a college
of education teacher preparation program is a site for great inquiry into subjectivities as they are
sites working towards “making a certain kind of science teachers out of college students”
(Sharma & Muzaffar, 2012, p. 177). Teacher preparation programs are focusing on preparing
teachers by following and meeting certain standards and guidelines. Specific to science
education, it means that elementary teachers are being prepared to become a certain kind of
science teacher. And such, the uniformity of regimes is employed. (Deleuze & Guattari, 1988).
As mentioned before, thinking with subjectivity creates a space to question what has
come to be traditionally accepted. As Bazzul (2012) stated, “Foucauldian conception of
subjectivity, constituted through discourse, can be a useful tool for science educators who wish
to confront neoliberalism (or any other discourse/ideology)” (p. 3). A theory of subjectivity
provides the space not to discuss or analyze just identity, but it allows students and teachers to
“ask-after their own subjectivities by questioning how they have come to understand various
practices or situations as common place” (Bazzul, 2012, p. 3). He goes on to state that “this
approach of giving attention to the constituted subject in science education can allow science
educators to see how complex, and in some cases how deeply entrenched, our positions are as we
examine the very constraints of both though and action” (p. 11).
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Identity as an expression
Therefore, when identity is discussed in this study it will be conceptualized as one
expression of our subjectivities (St. Pierre, 2000). By merging the previously mentioned ideas of
identity as an expression of subjectivities, different questions can be asked. Through subjectivity,
a person’s story can be explored to gain deeper insight into how she/he is viewing her/himself in
a certain context relating to the available discourses. The identity work referenced in science
education will be discussed and analyzed through a poststructural theory of subjectivity, in which
I will frame my work. Other studies in science education utilize a conception of a fluid identity,
however, without specifically calling attention to subjectivity, there are questions that are not
being asked and discussions that are not being had, which can bring insight into science
education (Bazzul, 2012).
Review of Literature
To situate this discussion, a brief overview of how identity is used and described in
education collectively will be reviewed, before discussing identity specific to science education.
While I use the term and theory of subjectivity, there has not been much work in science
education specific to subjectivities (Bazzul, 2016); however, there is much work in science
education related to identity (Avraamidou, 2016; Brown, 2005; Carlone & Johnson, 2007;
Emdin, 2010; Mensah, 2016). As St. Pierre (2000) stated in referencing Flax, identity is one
expression of our subjectivities. Because of this, I will refer to work on identity to inform my
study of science teaching subjectivity.
Identity in Education
Literature on identity in education is not new, but the ways in which we discuss and study
identity continue to evolve (Avraamidou, 2016). Since defining identity differs based on

17

perspective, it is often referred to as something of a dynamic state: put another way, identity can
change from one moment to another (Kroger, 2004). Recent studies using identity in education
seek to trouble the idea of an essential core or fixed state of identity (Avraamidou, 2016). Many
authors describe identity as influenced by extrinsic and intrinsic factors and held in multiple
aspects of life (Brown, Reveles, & Kelly, 2005; Strickland & Hadjiyanni, 2013). This idea of
identity, as dynamic and multifaceted, has been used as a foundation for various
conceptualizations of identity in education research.
These various descriptions of identity lead to this question - what exactly is it? While
current research has not and will not agree upon a single definition of identity – since it is based
largely in part on epistemological and theoretical ideas – it is important to define what I mean
when using the word identity. This is not to say that my conceptualization of identity is better or
correct in any way; rather, it is the way in which I am using theory and identity to guide my
research. Many education researchers working with identity have been questioning and
problematizing the humanist ideas of an innate or fixed identity (Jackson, 2001; Sharma &
Muzaffar, 2012; St. Pierre, 2000). My definition of identity emerges from these questions and is
rooted in a Foucaulidan (1982; 1987; 1988) understanding, while also using works from Bazzul
and Carter (2017), Jackson (2001), and St. Pierre (2000; 2001) to guide my thinking. Subjectivity
allows us to rethink work focused in science education, specifically to how students and teachers
are subjected by and from different relations.
As we are unable to tease apart intersections of self and body, conscious and
subconscious, we must understand how they impact how we may experience things as subjects
within different contexts. Within each section and intersection, we as subjects experience
different reflections on what ‘kind of person’ we are because of the context in which we are in.
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While at times we may be told we can or cannot be a certain kind of person by society and
available discourses of race, gender, ethnicity, religion, age, etc., we have the opportunity to
resist or act through practices of freedom. These experiences become parts of our stories, parts of
our selves. This view defines identity as a sense of self – a sense of who we are in that moment
and relationship - that has been produced by our subjective positions: not as something that is
forming, but as something that always is and is shifting and (re)constituting within each moment,
as contexts and situations change. Identity is more than what we enjoy or connect with: it is all
aspects of self in this moment, and we come to know ourselves through the context of reflection
and dialogue within and with others (Foucault, 1988).
Science identity in education. A science identity refers to how one sees or senses her or
himself within the discourses of science. When discussing identity as an expression of
subjectivity, the conceptualization of what this means in science education opens up to
identifying the available discourses and subject positions. Therefore, the experiences constituting
one’s science identity are not limited to the walls of a classroom, but work on science identity in
education commonly takes place inside school walls.
As has been long established, women are underrepresented in science careers. The
National Student Clearinghouse Center (n.d.) reported less than half of all science degrees
attained in the United States in 2014 went to women. Additionally, people of color are also
historically underrepresented in science careers, with white students receiving over 60% of the
science and engineering degrees awarded in 2012 (National Science Foundation, 2015). While
degree attainment and career choice are not the only indicators of a science identity, they do
show the perpetuation the white, male, middle class scientist discourse, which can create an
alienation in science education between the content and the student (Emdin, 2010).
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Issues in science identity stem from students feeling alienated by the content and
instruction. (Emdin, 2010). This is not a new area of focus in science education, as Brown
(2005), Brown, Reveles, and Kelly (2005), Elmesky (2005), and Tan and Barton (2007) have all
explored issues of science identity among different student populations. While each of these
research studies explore science identity of students, they do so in different ways, and often with
different conceptualizations of what science identity means.
Brown (2005) draws from Gee (2000) and Lee (2001) for a conceptualization of identity
as being recognized as a certain kind of person (Gee, 2000) in science classrooms to examine the
“complicated nature of language, identity, and classroom learning” (p. 100). Elmesky (2005)
used sociocultural theory to examine what she describes as students’ “embodied cultural
practices or ways of being in the world” relating to science (p. 337). Brown, Reveles, and Kelly
(2005) use Gee’s description of identity (kind of person one is recognized as being, at a given
time and place) and add to this by specifically acknowledging the social interactions and
sociohistorical contexts that impact identity construction. It is from this conceptualization they
propose “discursive identity as an analytic tool for understanding student learning” (p. 782).
They define discursive identity as “the act of communicating identity via discursive interaction”
(p. 783).
Tan and Barton (2007) reference Lave and Wenger’s (1991) framework of situated
cognition, as they conceptualize “identities in practice” as the “identities students acquire or
choose to adopt in the science classroom” (p.6). Choosing to use the term “identities in practice”
as opposed to ‘identities’ is due to the belief of the authors “that the environmental factors of the
specific community in practice, in this case, the science classroom, exert significant influence on
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how novice members, such as students are the start of the school year, adopt their in-class
identities-in-practice” (p. 7).
In two of the previously mentioned studies, conceptualization of identity via Gee’s
definition is used, which describes science identity as being recognized as a certain kind of
person. Other work in science identity often cites Gee for a reference point of conceptualizing
identity (Avraamidou, 2016; Carlone & Johnson, 2007). Some other commonalities in these
various pieces of science identity work include the idea that students’ science identities are
constantly changing and occurring in relation to aspects outside of themselves, such as the
environment, language, classroom, and/or community.
Digging deeper into these studies, I asked questions about not only how the authors
conceptualized identity, but what they found regarding students’ science identities. Strickland
and Hadjiyanni (2013) discussed different aspects of identity and they, along with Elmesky
(2005), addressed how the state of resources and school facilities can impact the identity students
form about their education and classes within. Schools lacking resources and properly
maintained facilities are more often schools that serve students of color in low-income settings
(Elmesky, 2005; Strickland & Hadjiyanni, 2013). In a study that examined students’ experiences
as researchers developing a movie to aide in school science curriculum, Elmesky (2005) pointed
out that being successful in school science “often entails embodying those ways of knowing and
acting that are associated with being White, middle class, and male” (p. 336). This discussion of
science identity as viewed in school as being white, middle class, and male ties into the many
studies that have been conducted to understand the underrepresentation of females in science
careers.
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Fadigan and Hammrich (2004) explored the impact of an after-school science program
for girls from low socioeconomic, single-parent households pursuing STEM careers. This
longitudinal study used data from program records, surveys, and interviews to examine how an
informal after-school science program impacted the participants’ educational and career choices.
Interestingly enough, the area with the highest perceived impact was in the relationships built
with teachers and mentors, not in anything specific to content. It is important for purposes of this
review to note that the girls involved in this study were participants in the program due to their
previous interest in science. This study does not answer why these girls were interested in
science, but it shows that their interest alone was not enough to pursue a career.
In a five-year longitudinal study by Archer et al. (2012), elementary girls’ science
identities were studied through over 9,000 surveys and 170 interviews. Citing the international
phenomenon of the underrepresentation of women in science, this study was conducted in
England and the authors state that by age 10/11, most participants did not identify with science.
In this study, they explored more in-depth the girls who did identify with science, probing for
further explanation and possible barriers. Of the girls who did identify with science, most were
from middle or upper class families. They conclude by noting that girls are not less capable of
pursuing science careers, but they are led to different paths due to “social, cultural, and structural
factors” (p. 968).
These “social, cultural, and structural factors” relate to the various conceptualizations of
science identity and the importance of noting how such factors interact within science classroom.
If students do not see themselves as scientists, or see themselves in science, alienation occurs
(Emdin, 2010). This alienation can have various causes and can be tied to the factors listed
above. Brown et al. (2005) and Emdin (2010) presented the classroom as a site of possible

22

alienation when suggesting the language and presentation of content impact how students view
themselves in relation to science. Emdin referred to alienation as “the feeling an individual
experience when he or she is excluded from the discourse in school or in other social settings”
(2010, p. 8). This alienation removes students from the content of the science setting. Science
discourse, a term commonly used by Brown (2005) and Lemke (1990), can itself alienate
students, specifically diverse students. Students’ cultural identity can often be pushed away or
marginalized when in a science classroom based on the discourse. (Elmesky, 2005). However,
since identities are continuously being (re)constituted, research has also presented some solutions
to issues in science identity.
Tying together concepts from architecture and interior design, Strickland and Hadjiyanni
(2013) argued for focusing on the “insideness” of the school and how it impacts the academic
identity of students. ‘Insideness’ as discussed in this article refers to the act(s) of being and
becoming(s) inside an interior space. According to the authors, we are interacting with the space
and places we are in. Examining the ‘insideness’ of a school allows us to explore “how
characteristics of spaces inform how students contest and negotiate their identity” (p. 17).
Another important piece about spaces where science is learned is access to resources for various
types of science instruction. If students do not have the needed resources available, constituting a
positive identity in any classroom will be difficult (Elmesky, 2005).
Brown (2005) conducted a study to examine the language use in science and how it
relates to students’ science identity. To examine these aspects, Brown used focus group
interviews with high school students who were in an introductory life science class. In all, 29
students participated, ranging from ninth to eleventh grade. The focus groups followed a semistructured interview protocol and were conducted in small groups. Concepts covered in the
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interviews were aimed at exploring students’ perceptions of the science classroom and ranged
from “participation in the science class, including engaging in the cultural practices of science,
incorporating science epistemology, and appropriating science discourse” (p. 101). Brown
(2005) noted in his findings that students responded well to hands-on lessons but still felt
disconnected when it came to the language of science. A student suggested the science language
was elite and not something people would speak every day. Changing the way science language
is viewed could aid in students’ perceptions of their science identity. Brown (2005) also found
that many students did not know scientists that looked like them or any scientists at all. Being
aware of representation of science and scientists can address this issue.
As mentioned earlier, science identity is not only tied to school science. In a seminal
study by Carlone and Johnson (2007), 15 women of color were interviewed across a six-year
span to gather information on their experiences in science specifically related to their science
identities. The authors conceptualized identity as being a ‘kind of person’ (Gee, 2000) and
developed a science identity model around this conceptualization. Included in their model are the
areas of competence, performance, and recognition. At the conclusion of the study, the authors
suggest that “the main factor that differentiated these women’s pathways through science was
not competence in or commitment to science but recognition by others” (p. 1209). While this
study does not examine science identity within a school setting, it does explore the science
identity of women in science careers. This piece is often used as a framework for analyzing
identity formation in science education. This furthers the argument that identities are not fixed or
innate, but constantly being deconstructed and reconstructed based on contexts, situations, and
relations.
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Science identity refers to how we see ourselves within the discourses of science, based on
our subjectivities. Work in science identity is not new and uses various conceptualizations of
identity. Some common themes among this work include the use of Gee’s (2000) definition of
identity; understanding the sociocultural impacts; and the importance of language and/or
discourse in science classrooms. Taking these ideas and continuing to press on the questions
asked, my study seeks to explore identity further through subjectivity. This provides the
opportunity to question the structures in place in elementary science teacher education.
Our sense of self is historicized: to understand our science identity we must disrupt and
question the discourses in which we have come to understand science. As Foucault (1982) stated,
“we have to know the historical conditions which motivate our conceptualization. We need a
historical awareness of our present circumstance” (p. 778). Gender, socioeconomic status, race,
and ethnicity will all be parts of our science subjectivity that will have shaped the discourses and
responses in science throughout our lives.
Elementary science teacher identity. An understanding of science identity is only a
piece to exploring science teacher identity. As I have just examined some literature regarding
science identity, I now move to teacher identity and attempt to combine the two concepts. What
is teacher identity? Avraamidou (2016) defined teacher identity as having three aspects: “a)
teacher identity is socially constructed and constituted; b) teacher identity is dynamic and fluid,
constantly forming and reforming; c) teacher identity is complex and multifaceted, consisting of
various sub-identities that are interrelated” (p. 154).
It is important to note that teacher identity is not gained when someone begins her/his
first-year teaching but rather is a subject and change (Jackson & Mazzei, 2012). As Beauchamp
and Thomas (2009) stated, “A teacher education program seems to be the ideal starting point for
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instilling not only an awareness of the need to develop an identity, but also a strong sense of the
ongoing shifts that will occur in that identity” (p. 186). While poststructuralism would argue that
there is no need to develop an identity; rather we are always already, the idea that pre-service
teachers should be aware of the notion that how they see themselves as teachers will shift based
on their context speaks to the differences in science teacher identity based on grade level.
According to Mensah (2016), “Unlike secondary teachers of science or majors of science,
elementary teachers’ identities in science are far from a strong sense of self as a science person
or a tight relationship with the professional identity of science” (p.51). In other words, science
teacher identity differs between those who teach elementary age and secondary age students.
For this study, I will be specifically focusing on science teacher identity for those
teaching elementary age students. Avraamidou (2014) stated that “the majority of research
regarding teacher identity focuses on teachers at the middle and high school levels leaving a gap
of knowledge about elementary teachers’ identity” (p. 4). What is interesting to note about this is
that middle and high school level teachers would be choosing a specific content area to teach,
unlike the general preparation of elementary teachers. This means elementary teachers teach all
subjects, including science, but research has not focused on the science teacher identity of
elementary teachers. According to Mensah (2016), “very few studies actually deal with
elementary teachers in their construction of a science teacher identity” (p. 51) she notes, with
two exceptions being Lunn and Solomon (2000) and Rivera Maulucci (2008). She goes on to
state that since elementary teachers are prepared to teach all core subjects, their view of
themselves as science teachers are limited and sometimes fearful (Mensah, 2016). This
understanding of how elementary teachers see, or do not see, themselves as teachers of science
makes it a unique point of interest.
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Rivera Maulucci (2008) and Lunn and Solomon (2000), the two exceptions noted by
Mensah as being studies that deal with elementary teachers in their construction of a science
teacher identity, both use interview approaches to explore how elementary teachers (in-service
and pre-service) come to identify as science teachers. Rivera Maulucci (2008) used mixed
methodological approaches to explore how teacher identity interacts with classroom practices
and learning in a social justice teacher education program in New York. In the 2008 article, she
focuses specifically on one student to discuss in depth the relations between language and
science teacher identity. She used course work from science methods and practicum courses,
including a teaching autobiography, reading responses, and notebook entries.
After reviewing course work, Rivera Maulucci (2008) conducted semi-structured
interviews to ask specific questions relating to language and science. Using an identity
framework from comprised from Derrida (1998;1996), Gee (1999), and Turner (2000), she
conceptualizes identity as a “mostly hidden process” but with three levels of self that can be
identified and core identity being the most important (p. 19). She cites Turner (2000) stating that
core identity is “core self or transsituational cognitions and feelings about who a person is” (p.
20). In this conceptualization of identity, it is connected to feeling or emotions which can be used
as analytic markers in experiences.
Her findings support previous work mentioned by Brown (2006) regarding the
importance of language in science identity. Rivera Maulucci (2008) discussed how her student,
Elena, felt often as if she would have to choose between her native language, Spanish, and
science. It was this conflict of being both – Spanish speaking and science – rather than one or the
other – that continued to come up as Elena reflected on her life experiences related to science.
This constant (re)negotiation of herself as a science person and teacher give insight into the

27

structures of schooling and language within science classrooms that can impact how students see
themselves in science. Rivera Maulucci (2008) stated in the conclusion “The process of
identification positions Elena as a subject, or author of her own identity, and object of the
identification of others, which resonated in the moment and over time” (p. 41). While Rivera
Maulucci focused on emotions tied to a core identity, the process of identification draws
attention to the situational and transsituational aspects that cannot be ignored. Not much is stated
in this article specifically focused on elementary science, rather it focuses on the importance of
language in science experiences, which carries into an elementary pre-service teacher’s views of
herself as a science teacher.
Lunn and Solomon (2000) also use interviews to explore elementary teachers’ identity as
science teachers in relation to (then) new science curriculum in the UK. Through in-depth
interviews, seven participants – current elementary teachers- retold their life histories in relation
to themselves as science teachers. Using a conceptualization different from other science teacher
identity studies from Harre (1983) and Giddens (1991), the authors define identity as a
“changing creation, not only adapting to external conditions but also incorporating them, and
reflections on them, into a kind of autobiography” (p. 1045). Through these retellings which
were focused on science experience and the National Curriculum, six of the seven participants
identify as science teachers, while one holds to not being or having a desire to be a science
teacher. Interestingly, all participants, even the one who did not identify as a science teacher,
discussed some aspect of concern regarding lack of autonomy in teaching science and a struggle
between the mandated curriculum and personal creativity. The authors claim that their data
“showed how the teachers had established their self-identity as primary teachers of science
through a re-telling of their life-histories” (p. 1053). This comment resonates with other work
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(Maulucci, 2008; Avraamidou, 2014) that specifically focuses on experiences as they relate to
science teacher identity. Lunn and Solomon (2000) also claim that the teachers’ views of
themselves as science teachers were “strongly convergent with their life-histories” (p. 1053).
Due to this, examining identity through subjectivity seems more necessary. If experiences greatly
influence how teachers, pre-service or in-service, see themselves as science teachers, these
experiences need to be heavily interrogated and disrupted, as the social and historical discourses
may be overlooked.
A five-year, longitudinal study by Avraamidou (2014) posed the question, “How do
teachers develop identities for science teaching?” (p. 1). In exploring this question, she used a
single case study approach to document the development of a beginning elementary teacher’s
science identity. Over the course of the study, interviews were conducted and various documents,
writings, drawings were collected to capture various experiences. The participant stated she did
not have a strong science identity when she was young, but that her identity in science shifted
when she began science courses at the university level. Avraamidou argued this shift was due to
an increase and variety of opportunities to engage in science. She goes on to state that, “the
development of a teacher’s science teaching identity is a complex and multidimensional process,
which is influenced by the combination of a great number of experiences situated within various
contexts” (p. 13). This statement, which is made in referencing an elementary teacher, speaks to
the complexity of studying science teacher identity and supports the idea of identity as constantly
changing due to experiences and situations.
In a later narrative inquiry study, Avraamidou (2016) takes a more focused look at the
experiences, or critical points, of a student’s life history in her view of herself as an elementary
science teacher. Avraamidou (2016) points out multiple negative experiences in science
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classrooms during K-12 schooling and how a shift in experiences in science classrooms were
impacting how this student was viewing herself as a science teacher. Through a combination of
reflection on her story and new experiences in science education, the student could begin to see
herself as a teacher of science. Reflecting on experiences to examine beliefs about science and
science teaching are practices involved in both Avraamidou (2016) and Mensah’s (2016) work.
The practices are important when taken with previous work by Avraamidou (2014) that stated,
“beginning elementary teachers do not have many memories of science learning experiences
except from a few ones that involved experimentation and their memories of science teachers
involve stereotypical images of strict and eccentric middle-age men” (p. 827). It is in the
discussion of and reflection on these experiences that teachers can begin to question their impact
on identities as science teachers.
In a study conducted by Mensah (2016) regarding science identity for pre-service
elementary teachers of color, nine out of ten participants at the beginning of the science methods
course did not identify as science teachers. The one participant who identified as a science
teacher had prior experience teaching science in a field placement. At the end of the study,
Mensah (2016) reported five teachers identifying as science teachers. Mensah used a theory of
positionality regarding science teacher identity, which ties into the defining of science teacher
identity by Carlone & Johnson (2007), as one that cannot be rid of various intersectionalities
including race, gender, ethnicity, etc. For the pre-service elementary teachers in Mensah’s (2016)
study, their positionality as pre-service teachers of color was a place of exploration for
understanding how they may or may not be coming to see themselves as science teachers and
how the whiteness of the curriculum may be impacting that.
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The studies mentioned took place within elementary education courses and used methods
including interviews, journaling, narrative inquiry, and case studies. Some have found students’
science teacher identity change positively when students are given the experiences, or “agency”
within the class to teach science content (Siry et al., 2010; Luehmann, 2016). Others discuss the
importance of reflection, content, and experiences in aiding pre-service teachers to identify as
science teachers (Avraamidou, 2016; Mensah, 2016). In the cases mentioned, the science
methods curriculum was developed and prescribed by the teacher of the course and students were
asked questions throughout about their views of themselves as science teachers.
While drawing on the results from these studies of the idea that students’ identities as
science teachers can change in the length of a methods course, I pose a different theoretical
framework and methodological approach than the studies mentioned. Avraamidou (2014)
discussed how reflection on experiences and providing different science experiences impacted
elementary teacher’s views of science teaching. Likewise, Mensah (2016) explored the shifts and
changes of elementary pre-service teachers throughout their methods course. Both studies focus
on the connection of experiences and identity. However, the studies mentioned utilized a
curriculum created by the teacher of the course. Through this, the teacher’s ideas of what it
means to be a science teacher are displayed through their choice of curriculum. My study will
change the idea of who creates the curriculum and explore how that affects the subjectivities of
the students within the course. This change will allow students to see multiple ways of being a
science teacher, focusing on their ideas and questions of what science teaching means.
These conceptualizations of teacher identity reinforce what was previously discussed in
the understanding of identity: that teacher identity is a continual process impacted by contextual
aspects, experiences, reflective practices, and others, as teachers are positioned as subjects in
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their roles. Even more specific, as mentioned above, is identity as a science teacher. Combining
an identity in science as well as an identity of a teacher, the merging of various subjectivities
take place when describing one’s sense of self as a science teacher. This adds to the subject
position of teacher as well as the discourses that accompany science. Although the term science
teacher identity will refer to anyone who holds subjectivities in science and teaching, the term
does not note uniformity. As Roth (2016) stated, “the only thing two individuals have in
common is that they are different from everyone else” (p. 308). One’s subjectivity as a science
teacher is constituted by role and contextual factors from past and present experiences, all of
which will be different for every subject.
Science Education
We cannot discuss how pre-service elementary teachers in the United States are being
prepared to teach science without acknowledging the past and current state of science education
in the U.S. As discussed previously, there are issues with how elementary teachers see
themselves as and within science teaching.
In 2001, the federally mandated No Child Left Behind Act (NCLB), impacted science
education by pushing literacy and math accountability. Many elementary schools began limiting,
or even pushing out, science curriculum (Blank, 2013; Griffith & Scharmann, 2008). As Griffith
and Scharmann (2008) explained, while losing science curriculum was not a part of the mandate,
the narrowing of subject areas taught occurred due to the increased accountability, greater
funding, and more professional development offered in literacy and math. According to their
survey with K-6 teachers in a Midwest school district, 59.1% stated they had decreased science
instruction time since the implementation of NCLB. Of the 59.1%, over 70% reported decreasing
science instruction time by over half an hour.
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Common reasons for the decreasing of instructional time in science included a heavy
emphasis on subjects that would be tested and account for school status. Nation-wide data found
similar results through a survey by K-4 self-contained teachers regarding instructional time in
each subject. In a review of the National Center for Education Statistics, Schools, and Staffing
Survey, Blank (2013) discussed the vast difference between English and Science times.
According to the survey as reported to the U.S. Department of Education, in the 2007-2008
school year K-4 teachers reported an average of 11.7 hours per week spent on English
curriculum and an average of 2.3 hours per week on Science curriculum (Blank, 2013, p. 835).
Without teaching science daily, it could be said that elementary teachers stopped seeing science
teaching as part of their teacher identities. When thinking through viewing identity as an
expression of subjectivity, the power relations involved in testing, school status, and teacher
effectiveness scores are brought to light and lead to further questioning regarding science
education in elementary schools. Through NCLB, it was almost as if elementary teachers were
stopped from being science teachers. The focus was placed on test scores in literacy and math,
not science. The structure of the education system allowed for teachers to lose, or maybe never
see, who they are as science teachers.
Currently, the NCLB act has ended, and the future of the newest federal education
mandate is unknown. However, recent national focuses on Science, Technology, Engineering,
and Math (STEM) education and the Next Generation Science Standards (NGSS) have come to
the table; a reform in science instruction is said to be taking place (Green, 2014). For students to
be science literate and prepared for STEM careers, science education needs to begin in
elementary school (Blank, 2013; Griffith & Scharmann, 2008).
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According to a study by Trygstad, Smith, Banilower, & Nelson (2013), responses of
elementary teachers on various surveys show that, despite the recent focuses on STEM and
NGSS, time spent on science is still suffering. In the surveys conducted, only 19% of K-2 and
30% of 3-5 self-contained teachers reported teaching science every day. The average time
reported on science instruction was 18 minutes in K-2 and 23 minutes in grades 3-5. In the most
recent version of this study, published in May 2019, new data shows little change and in some
places, decline in the amount of time spent on science in elementary schools. In this study, 18%
of K-2 and 26% of 3-5 self-contained teachers reported teaching science all or most days of the
week. Both percentages are down since the previous study. The average time reported on science
instruction was 17 minutes in K-2 and 23 minutes in grades 3-5, showing an average decrease of
1 minute in grades K-2, while the average time reported remained the same for grades 3-5.
As a part time worker in an elementary school, I was witness to the lack of time spent on
science instruction still taking place in 2015. Science lessons occurred during intervention time,
a time when students who were deemed needing assistance in reading or math due to test scores,
were pulled to have more intense instruction in smaller groups. This meant those students were
missing out on what little time was being given to science instruction.
The focus on science education, and specifically the focus on science education as
practices rather than memorization, seems to be reignited, at least in discussion, thanks to STEM
and NGSS. While the most current data is still showing a lack of time spent on science in
elementary schools we must begin to think of ways to change that. Why, with NCLB gone, is
science instruction still receiving such little recognition in elementary grades? The nationwide
pushes (STEM, NGSS) have focused the discussion of what science education is to the nature of
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science, allowing for a resurgence of a once forgotten subject (Green, 2014), but are elementary
teachers prepared for it? And if not, will this cycle ever end?
Demographics of elementary teachers. According to the National Survey of Science and
Mathematics Education (NSSME) (Plumley, 2019), elementary teachers in the United States are
predominantly female, white, and a majority are over 40 years old. However, only one-third have
taught science for more than five years. Currently, most elementary teachers have received a
degree from a teacher preparation program, being undergraduate or master’s level. The report
goes on to review elementary teachers’ preparedness specifically in science, reporting that most
completed coursework in life science in college, but few completed any coursework in
chemistry, environmental science, physics, or engineering, despite the suggestion by the National
Science Teaching Association (NSTA) that elementary teachers have knowledge of all scientific
domains. The study also shows that elementary teachers feel much less prepared to teach science
than they do reading and math.
These findings can help paint a picture of elementary teachers as science teachers by
bringing up talking points related to elementary teacher preparation and time spent on science
instruction. The report details more regarding specific pedagogical beliefs of elementary teachers
in science, as well as factors promoting and inhibiting science instruction. The most reported
inhibitor was the lack of instructional time for science. What this report does not cover, however,
is teachers’ personal beliefs about themselves as science teachers. Previous studies discuss
elementary teachers as having a lack of self-efficacy in science teaching – stating that they do not
feel as if they can teach science with the lack of feeling prepared being a component to that
belief (Avraamidou, 2016; Bergman & Morphew, 2015; Krajcik, Czerniak, & Berger, 2003;
Menon & Sadler, 2016; Ramsey & Howe, 1969).
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Elementary teachers themselves have historically reported, or been tied to, ideas that they
do not feel as if they can teach science, with areas of physical science and engineering being of
specific concern (Plumley, 2019). It could also be said that elementary teachers often feel as if
society does not place importance or respect on elementary teachers, as it is often presented as an
‘easy’ job. In our first class, many participants discussed constantly being asked why they would
want to be an elementary teacher, and often being told it is not a ‘hard’ major.
The discourses surrounding elementary teachers differ some from those surrounding
secondary teachers. Secondary teachers, unlike elementary teachers, are specifically prepared to
teach a certain content area. As reported by the NSSME, more than half of middle school science
teachers hold a degree in science or science education (Havekost, 2019), and are still
predominately female and white (although slightly less so than elementary teachers). Secondary
science teachers in their preparation programs have focused specifically on a domain area
(biology, chemistry, physics, etc.) or have experience working in a science career.
Demographically, according to NSSME reports, most high school biology and chemistry
teachers are white females, while most high school physics and computer science teachers are
white males (Banilower, 2019; Smith, 2019; Gordon & Heck, 2019: Wingard, 2019). Secondary
science teachers are viewed as more a part of the science community, relating to Lemke’s (1990)
discussion of the mystique of science – of science being elite or exclusive for only a certain
group of people. However, it is interesting to note the difference in gender by specific subject
area. The specific focus on science by secondary science teachers implies that they already
identify as science people, as they have chosen specifically to teach science content, or have
experience working as a scientist or engineer.
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The mystique of science, as discussed by Lemke (1990), could be reasons why elementary
teachers, who are choosing to teach younger ages all subjects, may not believe they can teach
science. Lemke (1990) stated,
The mystique of science is an essential tool for technocratic rule. Through it we are all
taught that science, as the paradigm of all expert knowledge, has an objective, superior,
and special truth that only the super intelligent few can understand. Science education, like
it or not, does a great job in foisting these myths on most of us (p. 149).
The discourses around science have constantly reinforced an exclusivity, often for those
who are male, middle-class, and white. Overall, teaching is a female-dominant profession, as
shown in the reports from the NSSME describing the current population of teachers. The context
and power relations in this situation of science education lead to questioning of what science
education truly is and why it has been pushed to the back of other subjects.
Elementary Teacher Preparation
Understanding the situation of science education is important when discussing how we
are preparing elementary teachers to teach science. Despite pushes for NGSS integration and
STEM, some schools are still choosing to focus on tested subjects, of which science does not fit.
If teachers were prepared to teach during the time of NCLB, they may have had limited exposure
to science teaching. If these teachers were not adequately prepared to teach science, what might
the science instruction in their classrooms look like? This then goes on to impact the new pool of
pre-service teachers, creating a cycle that needs to be broken for science education reform to
occur.
Methods of inquiry and the Nature of Science are current trends in preparing elementary
teachers to teach science (Akerson, Morrison, & McDuffie, 2006). In other words, elementary
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teachers need to be prepared to teach science through ways that explore what science is, not in
ways that promote the memorization of facts. These practices are commonly referred to as
reform based instruction (Avraamidou, 2014). However, if most pre-service teachers reflect on
how they were taught science, ways of inquiry and NOS may not be the most recollected means
of teaching. According to Danielsson and Warwick (2016) in referencing a paper by Mullholland
& Wallace, students seem to remember science as “a presentation of a set of disembodied facts
to be learned” (p. 71). Pre-service teachers’ preconceptions of what science is and how science is
taught need to be addressed to allow pre-service teachers an understanding of what science is and
how it is best taught.
Science methods courses, if offered, are traditionally the length of a typical semester
course and incorporate science content and pedagogy in reform based practices. The curriculum
and activities involved in a science methods course for elementary teacher vary depending on
school and some, but not all, may incorporate a practicum experience for students to observe
science teaching in an elementary school, or even give students a chance to teach science
content. While content knowledge is important, pedagogical knowledge – the how to teach – is
important as well. The Science Pedagogical Content Knowledge framework, adapted from
Shulman (1986) and presented by Magnusson, Krajcik, and Borko (1999) provides an overview
of pedagogical and content knowledge those teaching science need and could be a useful tool in
planning a science methods course for elementary teachers. While traditionally these courses are
offered for the length of a semester, some teacher preparation programs merge science methods
with math and social studies, while others offer the course online, and some only for a shorter
amount of time. The Council for the Accreditation of Educator Preparation (CAEP) standards
address science education and provide guidelines for what elementary teachers should know and
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be able to do in science education, however the structure of programs providing methods courses
varies by institution.
PAR as Pedagogy
Participatory action research strives to bring participants in to the center and heart of
research. Baum, MacDougall and Smith (2006) stated:
Participatory action research seeks to understand and improve the world by changing it.
At its heart is collective, self-reflective inquiry that researchers and participants
undertake, so they can understand and improve upon the practices in which they
participate and the situations in which they find themselves. The reflective process is
directly linked to action, influenced by understanding of history, culture, and local
context and embedded in social relationships (p. 854).
The authors point out that the driving force of PAR is self-reflective inquiry by researchers and
participants. What can this idea of research bring to teacher education? PAR as pedagogy gives
teachers and students a way to create authentic learning environments by creating their own
questions to meet their needs within their classrooms. Through PAR, teachers and students
question, answer, and analyze results together. Traditionally, action research can be found in
classrooms. PAR moves action research in classroom from a place where teachers are
researching apart from students to a place where students are researching with teachers. As
Brydon-Miller and Maguire (2009) state,
despite the explosion of teacher or educational action research and its increased
legitimacy as an approach to democratizing and transforming schooling, the structures
and processes supportive of students as research collaborators are not well represented in
teacher action research literature, training materials, or teacher education programs.
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While the teacher-as-researcher movement encourages teachers to use an action research
model to examine and improve their own classroom practices, students are often
positioned as objects of teacher’s study rather than collaborative partners or allies. (p. 83)
The authors argue for a wider use of PAR and its potential implications in education. PAR as
pedagogy in education is an area that has been discussed some in literature (Barton & Johnson,
2002; Birmingham & Calabrese Barton, 2014; Lewis, 2004; Udas, 1998), but mainly in
educational work with students in after school programs, rather than as a way to teach within a
classroom (Brydon-Miller & Maguire, 2009).
Conclusion
The information regarding and current status of science education and elementary teacher
preparation present some challenges and opportunities. The challenges speak to the
interconnectedness of school science, science identity, and the testing focus. With these
challenges; however, come opportunities, or lines of flight (Deleuze & Guattari, 1988).
Exploring elementary science teacher preparation through subjectivity would place an emphasis
on reflexive practices, discussions, (re)questioning how to become science teachers. The practice
of reflecting on experiences to examine beliefs about science and science teaching as discussed
by Avraamidou (2016) and Mensah (2016) were incorporated in our methods course study, using
journaling and class conversations. Pre-service elementary teachers should be provided the space
to not only reflect upon their life stories and experiences with science education (Avraamidou,
2016) and its influences on their (non)teaching of science, but also to use those stories and
experiences to guide their journeys as science teachers. The methodology used to explore this in
the co-creation of our science methods course is discussed in more detail in the next chapter.
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Chapter 3
Methodology and Methods
It is my view that teachers’ stories have a lot to offer to teacher preparation as well as
curriculum design and research; we just have to provide the space for them to be told, and
to listen attentively to what these stories tell (Avraamidou, 2016, p. 173).
In this participatory action research study, I, along with pre-service elementary teachers
enrolled in a science methods course at a university in a large urban area in the mid-southern
region of the United States, explored science teacher identity without the constraints of a
traditional predetermined course curriculum. Through journaling, discussions, reflections, and
experiences, we co-created the curriculum together based on their needs as future science
educators, constantly thinking about our subjectivities (Foucault, 1988). The focus questions that
guided my thinking for the restructuring of our methods course were:
1. How do pre-service elementary teachers understand science education?
2. How do pre-service elementary teachers conceptualize their science teacher subjectivity?
3. How do the experiences of pre-service elementary teachers constitute the kind of
science teachers they want to become?
(Re)Thinking Research Questions in PAR
While the questions mentioned above guided my thinking on the development of this
project, within the course students posed their own questions about science teaching. We used
their questions to drive the course and eventually analyze our reflections and experiences. I then
grouped their questions and wrote overarching ones to frame our study, getting teacher input on
the final renditions. These questions decided on were:
1. How does co-creation of a course support and challenge us as science teachers?
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2. What is science and who are science teachers?
3. Does co-creation of a science methods course create space for our views of
teaching science?
A Foucauldian (1988) understanding of subjectivity; previous work on science teacher
identity; science education; and elementary teacher preparation lay the foundation for
understanding how we – instructor and students - worked together to create a course that allowed
each to progress in their views of themselves as science teachers. In this section, I will discuss
the methodology of PAR, why it was chosen, and how it relates to a theory of subjectivity. After
this discussion, I will describe the methods used, site selection, participants, analysis, and
representation for this study.
Methodology
As we worked through a collaboration between myself, as an instructor, and pre-service
elementary teachers, as undergraduate students, we not only had a space to tell our stories and
listen attentively to them, but we were able to do things differently because of them. It was our
stories – our experiences with science past, present, and future, that guided our thinking and
course planning. Specifically, for this course, we left behind the traditionally prescribed
curriculum and used our conceptualizations and experiences to co-create the course. This
attempted abandonment of an instructor prescribed curriculum allowed for students to lead the
discussion of what kind of teachers they want to be. This discussion created space for multiple
ways of doing science and becoming science teachers. Traditionally, students in preservice
teacher education programs are told what kinds of teachers to be with the goal of making them
into a certain kind of teacher (Sharma & Muzaffar, 2012). Using PAR as grounds for co-creation
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in our course, we disrupted this notion by opening it up to different ideas of what it means to be a
science teacher.
Why Participatory Action Research?
PAR is a member of the action research family (Bradbury, 2015). Bradbury listed the
characteristics of action research as being “participative, democratic, knowledge in action,
emergent, developmental, and about practical issues concerning our flourishing” (2015, p. 7).
Traditionally in research studies, the researcher is viewed as being apart or separate from the
participants. PAR differs from traditional action research in that the researcher is situated in a
place of participation with, rather than apart from. In PAR, questions and actions of research are
created with participants. In this situation, it is not only questions that were created together, but
the entirety of our course. While I have listed focus questions that led to the development of this
methodological design, we approached this study using questions within questions – as student
questions drove our class design and timeline analysis. The questions that we focused on as a
group throughout our course were:
1. How does co-creation of a course support and challenge us as science teachers?
2. What is science and who are science teachers?
3. Does co-creation of a science methods course create space for our views of
teaching science?
Although college students are adults, the teacher-student relationship remains. What if
power relations, once interrogated, produced something different than in the traditional
classroom? What if students had a choice and say in how and what they learn, and in turn, what
kinds of teachers they want to be? Essentially, I began asking, how could we prepare teachers in
a way that allows them to become the teachers they wish to be? Deleuze and Guattari (1988)
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draw attention to the power of the state to produce conformity, “Doubtless the State apparatus
tends to bring uniformity to the regimes, by disciplining its armies, by making work a
fundamental unit, in other words, by imposing its own traits” (p. 424). It is this uniformity of
regimes that began to unsettle my thinking, as I read and thought through the idea(s) of the State
apparatus, I began to see how these practices are part of a structure set in place to keep us all the
same. While simultaneously disheartening and enlightening, there are opportunities to act in
opposition to the State apparatus. In these spaces that seem to continue to produce the same
structures, we can always search for lines of flight - ways to escape and do differently (Deleuze
& Guattari, 1988).
PAR gave us a space to negotiate the traditional power relations between teacher-students
and researcher-participants by allowing for an authentic collaboration where the students’
realities and views of who they are and want to be as science teachers lead the class. Through
self-reflective inquiry, we worked together to understand the experiences the students identify as
necessary for them to become science teachers. Using subjectivity as a theoretical framework I
attempted to allow their questions to lead our course while my role was to provide them with
multiple opportunities to explore teaching science based on their personal experiences,
conceptualizations, and goals, as to not reproduce one type of science teacher.
Specifically, in this study, using PAR allowed for each person to contribute her/his own
ideas, experiences, and concerns, disrupting the traditional curriculum which assumes all should
become the same kind of teacher. By working and creating together, we are deciding for
ourselves what it means to become teachers. Utilizing PAR for this prompted me to constantly
focus on the desires of the students, working and learning with them. PAR sets a goal of
researchers working with participants to create a change to their situations. The framework of
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PAR embraces the unknown, accepting that things will not be predetermined, but determined
together. Greenwood, Whyte, and Harkway (1993) suggested that a mandated PAR project is
impossible, and that the goal of PAR is to emerge into a truly collaborative process between
participants and researcher.
The focus questions for this study gave me space to think through doing differently
(Foucault, 1982; Jackson, 2001; St. Pierre, 2000;); however, I was not able to predetermine the
course syllabus, weekly lesson plans, assignments, or other aspects of course development as
would normally be done. This process took place after meeting with the students, and continued
throughout the course, as revisions were always a possibility. PAR is neither linear nor clean; it
is a messy, unpredictable process. As Miller (2107) stated, those involved in PAR “need to
consider implications of the unknown, the unpredictable and the unmeasurable as aspects of
always entangled but never fully conscious or static subjectivities” (p. 495). Considering the
unpredictable proved a source of tension, as I was constantly trying to (un)plan ways in which I
had previously taught this course.
In this process of PAR with specific focus to Foucault’s theory of subjectivity, it is vital
to not only be aware of the humanist characteristics PAR may currently attempt to bring, but to
think critically about the purposes of PAR and the spaces in which this research will occur. For
example, the restrictions on the class, the impeding teacher certification, the concept requirement
of grades, and the traditional student-teacher/researcher-participant relationship were all pieces
of this study in play while we attempted to navigate a different way of doing things. While PAR
strives to work with participants, rather than apart from, what aspects do I, as the instructor,
bring in? How do I make myself and my students aware of these concepts and provide
opportunities to question the ways in which things are and could be? Miller (2017) discussed
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PAR as an untidy and messy process, with multiple unknowns. Any attempt to clean up PAR
takes away from that which PAR is at its foundational core. Therefore, this mess – the
entanglement of questions, struggles, and tensions are pieces of the study not to be ignored.
Theoretically, subjectivity guided practices - our learning, methods, and analysis. We
began the course with object representations of what science is and who science teachers are.
These conversations, discussed in a following section, directed our thinking toward concepts of
why. Why do we think of science and science teachers this way? Is this the only way? What do
our experiences have to do with these ideas? From here, we each listed our high and low
moments in science (Birmingham, et al., 2017) as to begin analyzing past experiences and
connect these to our understandings of science. Through these conversations, we became more
aware of how conceptualizations of science are produced by our positions as subjects.
It is because of this understanding of subjectivity that I asked - How can we not only
think differently about how we are preparing elementary educators to teach science, but how can
we do differently? This discussion falls in with Foucault’s (1988) discussion of the practices of
freedom as ways in which we, as subjects, can act. St. Pierre (2004) stated we rarely, if ever, read
Foucault in a vacuum and therefore his ideas on subjects and subjectivity were swirling
alongside other works of how to do differently in classrooms. So, during this time, ideas from
Deleuze and Guattari (1988) regarding lines of flight as ways to do differently surfaced as I
began to think about taking these ideas into a teacher preparation program.
These discussions reminded me of bell hooks’ (2014) work on education as a practice of
freedom, calling for educators to rethink and rework their classrooms in ways that allow students
authentic experiences and places for their voices to be heard. I asked, how can I create a
classroom set up where students can have authentic experiences as opposed to the experiences I
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attempt to create based on my assumptions? This question reminded me of Emdin’s (2016) work
on reality pedagogy, in which he posited that students’ realities should be the focus of education
practices. In his work, he uses pedagogies that provide students opportunities to give teachers
feedback on their instruction, as well as co-teach. However, I wanted these things and more.
What places can I push on to allow students authentic experiences based on their realities? What
lines of flight can I take to do things differently? Therefore, by drawing from the works of
Foucault (1987), hooks (2014) and Emdin (2016) related to education, we created a science
methods course specific to our needs as a group of subjects and as a practice of freedom.

hooks
(2014):
Education
as a practice
of freedom
Emdin
(2016) :
Reality
Pedagogy
Foucault (1987):
practices of
freedom

Figure 1. Theoretical gears turning each other within the framework
Reiterating the idea that our subjectivities are constantly being constituted, Foucault
(1988) discussed technologies of the self as techniques “which permit individuals to effect by
their own means or with the help of others a certain number of operations on their own bodies
and souls, thoughts, conduct and way of being, so as to transform themselves in order to attain a
certain state of happiness, purity, wisdom, perfection, or immorality” (p. 18).
While Foucault does not specify these technologies, as they remain quite open, he
describes how various cultures throughout history have employed different techniques related to
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care and knowledge of self. As St. Pierre (2004) said in referring to Foucault’s discussion on the
care of the self, “each culture produces patterns, practices, conventions, and events that may be
used in the constitution of the self” (p. 340). Various technologies of the self, such as reflection,
mentoring, class conversations, and presentations, guided us as we (de) and (re)constituted who
we are as science teachers. The design of the course was conducted together, after students had
reflected on their ideas and beliefs about: 1) What science education is, 2) Who they are as
science teachers, and 3) What experiences they need to become science teachers. These
questions posed in the first class guided, but did not limit, our course design and implementation.
Their responses led to further questions as to why they have certain conceptualizations about
science education and who they are as teachers of science, allowing us to discuss available
discourses and traditional structures that impact the becomings of science teachers.
Methods
The methods used to begin this emerging PAR project consisted of multiple reflective
practices in accordance with the definition of PAR (Baum et al., 2006) and Foucault’s (1988)
technologies of the self. The course in which the study took place was a sixteen-week course
focused on elementary science methods. The methods used for this study included various
aspects of course development such as syllabus creation, class conversations, student work,
teacher observations, and journaling. Additionally, a class timeline was used to further explore
ourselves as science teachers. This concept stems from other timeline interview work
(Adriansen, 2012) but took on a collaborative approach as it was constructed throughout the
course with all responses represented as opposed to a single person’s journey. Each of these
methods will be discussed in more detail in this section.
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Preparing for the first class. The course was relatively open in respect to design,
however, I planned the activities for the first class meeting to begin our course creation process.
These activities were strategic to construct and begin reflections of ourselves, individually and as
a group, as elementary science teachers. The semester started with an email letting the students
know there would not be a traditional syllabus and requested they complete a few things before
coming to the first class. Before the first class, students were asked to read an article on the
ideals of democratic schooling (Kohn, 1993) to help them begin to think about how our nontraditional course would function. Along with this reading, students were asked to bring in two
objects to class: one that they thought represented what science is and another that represented
who science teachers are. Items brought in to represent what science is included: paper,
highlighter, branches, leaves, baking soda and vinegar, images of kids looking through a
magnifying glass, images of chemicals, and a taped box with blocks inside. Items brought in to
represent who science teachers are included: a beaker, hacky sack, ninja turtle figurine,
magnifying glass, image of a white man in a lab coat, the ‘Starfish’ poem, and Ada Twist
Scientist. Students’ reasoning for choosing each object will be discussed in the next chapter.
Syllabus creation. After a class conversation about our previous experiences in science,
students were asked, individually, to list expectations and goals for this class. Students shared
ideas in small groups after individual reflection and then we, as a class, created our plan based on
their responses. Basic questions that guided this process included: What kind of science teacher
do you want to be? How can we get there? Following the processes of PAR, the data produced
was based upon our experiences as a class (Burguete, Gomez, Borges, & Dickinson, 2015).
Students first wrote their ideas in their journals and then shared out, as they wanted, to add to our
class list. Only the ideas voluntarily shared by students were added to our class list of questions,
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goals, and expectations. After creating these lists, I asked students if there were any assignments
or specific experiences they felt would be beneficial or helpful in this course.
This is where the course, for me as a researcher/instructor, got even messier. I attempted
to be open to their goals, expectations, and plans and was charged with finding and providing the
tools they requested. At the same time, I wanted to present various tools in various ways, making
sure to draw attention to the fact that there will be different tools for each of them and they will
use what makes the most sense to them. As the instructor, I left the first class with a compilation
of lists and worked to create a syllabus that best represented what they had shared. As an
instructor, and more specifically a graduate assistant, there were certain aspects of the course
syllabus that I could not change. I told students of these items so that they would know the
parameters in which we were working. The only two assignments that I could not change were 1)
students were required to plan and teach an elementary science lesson in their placements and 2)
students must complete a 40 question, multiple-choice content exam at the end of the course.
Other than these assignments, the course was open for our creation.
To create the syllabus, I took the students’ questions, expectations, and assignment
requests and created a table that connected these items. From there, I listed broad topics that
included multiple aspects, and aligned them to the students’ questions, expectations, and
assignments as shown below in Table 1.
Table 1. Sample topic integration chart
Question(s)
What grade does science become its
own subject? (What all does science
entail in the
lower grades?)

Expectation

Assignment

Topic

-Different approaches for
teaching science

Integrated Literacy and
Science Unit?

Science
Integration

group unit curriculum
planning (5 lessons – highly
supported in class; prevent
overexertion; not just the
same as SS; PBL??)

What are some of the best ways to
integrate science into the curriculum?
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Question(s)
How would you answer tough
questions that your students may have
about the material?
What if you are not great in science could you be an effective science
teacher?

What are some ways to break down
difficult material into manageable
chunks/pieces?

Table 1 Continued
Expectation

Assignment

Topic

-Practical, Specific methods for
actually teaching – different
categories/concepts of science
(physical, earth, life, etc.)
-Different approaches for
teaching science

see how I taught (how I
changed – what happened?)

Content/Science
Knowledge/What
is Science/NOS

-Practical, Specific methods for
actually teaching – different
categories/concepts of science
(physical, earth, life, etc.)
-Different approaches for
teaching science
-How to engage students in
science that are not really
interested.

taking a standard &
discussing what can be done
with it (if it seems
factual/not interesting) – TN
Standards/NGSS Standards

Planning &
Standards

It was evident to me early on, that the students were suggesting ideas I had not covered
before when teaching this course. To try and provide multiple ways of thinking on these topics,
and not solely rely on my experiences, I reached out to other elementary science methods
instructors and asked for any resources they had. I began compiling a library of elementary
science methods resources – full of lesson plan templates, articles, and various assignments.
After each shared question, goal, and assignment was represented in the table, I arranged
the topics in a calendar form to spread out assignment due dates and create a consistent flow of
topics. When I felt the syllabus represented the students’ ideas, I sent them a draft, along with a
separate assignments document, for their review. Their ‘homework’ for the following class was
to review the documents and bring in any questions or revisions. The following class, no student
had any recommended changes, so we moved forward with the proposed syllabus. However, the
syllabus was viewed as a working document, and we eventually made changes to it based upon
our needs and reflections as a class (See Appendix A).
Class Conversations. In the interest of keeping the natural flow of a classroom, I opted
not to use traditional interviews, as they can give the impression of a researcher/participant
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binary. However, there were concepts that needed more exploration and discussion; therefore,
class conversations were utilized to create spaces to talk further about any topic of interest. For
example, in the first class after writing down our high and low moments in science, we stood in a
circle sharing and expressing thoughts regarding what these experiences meant to each of us,
how they were the same and different, and how we made meaning of them within our course.
This class conversation was used later in the class to guide our discussion of what goals and
expectations we had for the course. Class conversations provided a basis for further exploration
and a foundation on which to continue questioning. While these were not recorded, I wrote notes
in my teacher journal of pieces I felt important to our course at the time. It is important to note
here that what got written down from our conversations was based on my interpretations as an
instructor.
Student work. Student work encompassed all activities and experiences that took place
throughout the course. This encompassed class investigations, student interview papers, model
making, curriculum review, group unit planning, individual lesson plans, classroom observation
notes, and a final science classroom design project. These assignments were either suggested by
students or approved by them in the syllabus review. Some assignments, such as readings and the
grouping numbers for unit planning, were renegotiated in the course, to meet the needs of the
students. See Appendix B for a complete list of assignments.
When discussing assignments, the topic of grading came up. I reminded students that in
the creation of a course, this topic was up for our decision as well, and the way in which we
would grade was not set. While the college requires an assignment of a letter grade (A-F), we
could decide what that meant for us. This discussion proved challenging at first, as grades are not
something traditionally questioned. What does it mean to grade differently? Can we even do
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that? We decided to take a more formative approach, staying away from numbers and
encouraging feedback and revision. The agreement was students would contribute to and
approve the ideas for assignments and, when submitted, I would provide feedback on their work.
If there were any needed modifications or clarifications, students would complete them as
necessary. If students continued to turn in agreed upon assignments and respond to feedback,
they would receive an “A”. Immediately, students noted relief and subsequently were able to
focus on the content, rather than a grade.
Teacher observations. Throughout the course, I wrote teacher observations based on
my experiences as the instructor of the course. These observation notes were similar to
participant observation, but were specifically called teacher observations to note the point of
view from which they were written. During each class, I kept a journal along with the students,
and made notes of our agenda, actual activities completed, conversation notes, and anything I
wanted to remember. After the class, I completed notes of what happened and points to discuss
for the next week. Along with teacher observations from in class experiences and interactions as
the instructor, I completed a reflective journal of my thoughts throughout the process. Teacher
observation notes were made at the completion of each class, sometimes in an audio format as I
drove home, and other times written directly in my journal. Reflective journal entries were made
at least once a week and more when necessary. These places provided me a space to write
through the tensions and struggles of trying to let go of my previous ways of teaching – and
really focus on my current students – allowing them to lead the class, which proved more
difficult than I had imagined.
Journaling. As previously mentioned, self-inquiry and reflection are key pieces in PAR
projects (Baum et al.,2006). Foucault (1988) noted the importance of reflection in his work
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concerning the technologies of the self. To focus on these concepts, each student kept a science
journal. In this journal, students could write anything they wanted from class – notes, drawings,
investigations, etc., and had to respond to reflection prompts at the end of each class. Weekly, we
completed self-reflections in our journals that included thinking on our ideas of science
education, science teaching, and who we are as science teachers. These reflection prompts were
specifically kept in the science journals, to note the connectedness of our experiences (See
Appendix C for the complete list of reflection prompts). The first week, I created the prompts
based on the goals of creating our syllabus and focusing us on how we view science. After the
first class, I told students they could reflect generally, or respond to the questions posted, all of
which were taken from student questions given during the first class. This was done in an effort
to keep me focused on their questions – not my own.
Class timeline. Before creation of the syllabus, we began with a self-reflective inquiry.
After presenting our conceptualizations of science and science teachers, we each reflected
individually about a ‘high and low moment’ in science (Birmingham et al., 2017). This prompt
was left open on purpose – to allow each student to reflect based on her conceptualization of
science and what is meant by high and low. After completing this initial reflection, students
discussed in pairs, noting any similarities and differences. When the discussions in pairs ended,
we came together as a group to share and create a class timeline that shows our responses
(Adriansen, 2012). The timeline was made using a large white sheet, multicolored neon
notecards, and safety pins. Throughout the course, we intentionally revisited our timeline to
assess where we are and where we want to be as individuals and as a class. The timeline
remained fluid throughout the course and was a place that could be changed and moved to show
how we were changing.
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Students decided initially to join all high experiences and low experiences together by
arranging them in ‘waves’ chronologically based on time of life (early childhood, elementary,
high school, etc.), placing the high moments at the top of the sheet and low moments at the
bottom. Throughout the course, we revisited and added to our timeline, changing the shape from
‘waves’ to individual ‘circles’ and finally, a ‘flower’. These renditions will be discussed further
in Chapter 4.
Using the first iteration of our timeline, the waves of high and low moments, we began
thinking of a plan, or expectations, for the science methods course. The experiences we placed
on our timeline, as well as our previously discussed conceptualizations of science and science
teachers, guided us; our discussions led us on an exploration, or excavation, of ourselves in
relation to science and allowed us to begin thinking about what kinds of science teachers we
want to be and how we can get there.
Site Selection and Participants
The study took place at a large university in an urban area in the mid-southern United
States. As a graduate teaching assistant at this university, access to the site and course is one
easily obtained, therefore convenience sampling was used. Participants of this study included
those enrolled in an elementary science methods course as students and myself as the instructor.
Participants had been accepted into the teacher preparation program and were enrolled in the
elementary science methods course section. There were three possible sections to enroll in of this
course during the semester. Students enrolling in this specific section were a cohort, having had
previous courses together. As we met in the evenings, students selecting this section opted out of
the traditional daytime classes most often due to work schedules.
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There were six students who enrolled in this section of science methods and all consented
to their information being included in this study. All of the students enrolled in the course were
women, with five identifying as white and one as African American. The ages of students ranged
from early 20 to mid 50s. I am a white female, 30 years old, who attended an undergraduate
university as a traditional student (ages 18-21). All students were required to participate in
reflection activities and the creation of the syllabus, but had the option of consenting for their
information to be included in the research. Students could refuse to participate in the research
with no adverse effects on their grade or standing in the course.
Trustworthiness and Ethics
Before beginning the study, I received Institutional Review Board (IRB) approval from
the university (See Appendix D). In the first class meeting, I informed students of my story, the
study, the purpose, and the connections between. I explained that if students signed the consent
form, they agreed to have their student work used in this study as part of the analysis and
representation. All choices made about the syllabus and experiences; however, were identified as
part of the course and as a teacher innovation in pedagogy. Students were told that not giving
consent would have no impact on their grades in the course. After discussing this and any
questions regarding the study, I removed myself from the room while my advisor passed out
consent forms. When students were finished, she collected the documents, sealed them in an
envelope, and stored them in her office. I did not have access to or look at the forms until after
the course was completed and grades were submitted. Consequently, consent or lack of consent
by the students would have no influence on my perceptions or their grades.
As the instructor of the course, I journaled constantly throughout the process. I completed
this journaling in attempt to remain as neutral as possible in respect to what ‘kind of teachers’ the
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students were conceptualizing to be. While I hold my own views on science education, I strove
to allow students to create their own understandings of themselves as science teachers and
attempted to only offer my opinions/experiences when asked. This was very difficult and not
entirely possible, but a crucial point of constant reflection. There were multiple times when I left
class and thought, “I should have quit talking!”. This struggle continued back and forth, as I
wanted to participate and share in discussions with students, but did not want my answers or
ideas to be taken as the way things should be done. I tried to end any shared thought by asking a
question or stating that this was what I thought based on my experience. I gathered resources
from various professors and allowed students to choose as often as possible. For example, when
creating a unit plan students had a choice of five different templates I had provided. This was an
attempt for me to say here are multiple ways of planning and teaching science, see which one
you would like to try, and remember – there are different ways of doing this.
The process of PAR as a methodology allows for collaboration between my students and
myself via data production and analysis. All aspects of the course were reviewed and discussed
among us. PAR argues for a delineation of the power as ‘researcher’ to a shared power with the
‘participants’. Any interpretation of students’ understandings as written in the analysis was my
own writing, so therefore not without my own subjectivity; however, I drew on journal excerpts
and discussions for in vivo, word for word, representations of students’ ideas. Throughout the
process, I communicated with the students, sending them my interpretations, understandings and
questions for clarification. Students each reviewed their own trajectory vignette and verified the
information that was written, as well as had the opportunity to add anything that they wanted.
This study is a representation of the experiences of this specific community of pre-service
teachers and their needs in respect to seeing themselves as science teachers. While the process of
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creating a course with students may prove generally beneficial for pre-service teachers, this PAR
project is representative of collaboration amongst a specific group and therefore not
generalizable, as that is not the intent of this study. Analysis and interpretation were reviewed
and discussed by participants and myself as researcher, with a constant open dialogue between
all.
At the end of the course, students showed interest in their acknowledgement in this study.
In the first IRB review, I had said that pseudonyms would be used. When asking students what
pseudonym they would like, many asked if they would instead be able to use their real names. I
returned this question to a member of my committee, and finally submitted a modification to my
initial IRB, allowing students who chose the opportunity to use their real names. Therefore, there
is a combination of real names and pseudonyms used in this study.
Power relations. It is important to specifically note here how I attempted to be aware of
power relations and their movement throughout the study. As the instructor and co-researcher in
this project, I continuously reflected on how my position as an instructor impacted the study.
While I tried to allow students’ voices to be centered in the creation of the course, including the
assignments and assessments, there were a few things that were mandated by the department that
could not be changed. Therefore, we not only had power relations between the students and
myself to consider, but also those between myself and the department and professor of record.
These are all moving relations that needed to be considered and were areas in which I reflected
on throughout the course via journaling. For example, students were required to complete the
same lesson plan template for this course as they do for all courses within the teacher education
program. This plan is specifically one that is tied to their end of program teacher evaluations, and
is one they will need to know how to complete to graduate with a teacher license. However, this
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is the opposite of our goal for the class in allowing students to co-create. This plan was one of
the non-negotiable requirements, and something that ultimately went into their teacher portfolio
as a way to show their science teaching. I wanted to support students in this, and provide
assistance with planning in this way. I did not provide any more instructions for what they must
do within this plan, and left it as open as possible for them, while also supporting them in using
this template so that they would be able to successfully do so in other courses. This negotiation
was one of many involved in the power relations between myself as a graduate assistant and the
structures and requirements in place by the department. Talking with the students openly about
the required assignments; however, allowed us to discuss how this relates to their positions as
teachers and what they can do when given mandates that they may or may not be in the best
interest of their class.
Positionality Statement. Although I make it a point to discuss specific considerations
here, my positionality is not something that is separated out into one piece of this study, but is
woven within all aspects. However, there were certain aspects of self that I considered in
preparation of this study. As discussed earlier, I have a background in science teaching. This
means my ideas of what science education is and should be, as well as the role science teachers
play, are ever present. While I cannot separate myself from my experiences and understandings,
I constantly reflected on how my experiences were guiding my planning and class discussions. I
also identify as a white female, which means my experiences and understandings are linked to
the discourses I have had available in those settings, and may or may not be the same as my
students. I understand that my experiences were different than that of my students, but that they
may seek advice or counsel based on my own story. I know what I needed to become a science
teacher; however, I know my students will need different things based on who they are. It was
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my goal to lead them to self-authoring their own stories as teachers, not to superimpose my story
on them. I addressed this with students in multiple class conversations, asking for their support
as to make sure we are all aware of our relationships with each other throughout this experience.
As the instructor/evaluator my position was that of an insider in the classroom, but still an
outsider to the students as the instructor, or the one ‘giving’ the grade. I was aware about these
issues in my work and writing, and hope that these different perspectives provided different
knowledge, but am careful to view and discuss the relationships between and within.
Exploration of Data
The study was explored collaboratively using rhizoanalysis. Rhizoanalysis is an analysis
that seeks “to disrupt, to think, and to do qualitative research differently” (Masny, 2013, p. 339).
The concept of rhizoanalysis stems from the discussion of rhizomes by Deleuze and Guattari
(1988). Rhizoanalysis uses rhizomes, pieces with ‘tubes’ or ‘shoots’ that connect to other
rhizomes, with focus on the middle as opposed to the beginning or end (Deleuze & Guattari,
1988; Masny, 2013). Rhizoanalysis is “difference that allows for creation and invention to occur
continuously” (Masny, 2013).
Through rhizoanalysis, I am acknowledging the assemblages and multiplicities of
connections between and within our course and experiences. While traditional analysis protocols
view connections to data and theory as a tree with specific ways and connections, rhizoanalysis
is “not simply predetermined in a strict causal sense” (Adriansen, 2012, p. 45). In Masny’s
(2013) work using rhizoanalysis with multiple literacies (MLT), she identifies the article itself as
a rhizome as well, noting that rhizoanalysis embraces research as an event, and provides a way to
think of data differently – throughout the entirety of the research process. Through the use of
vignettes, Masny notes the relations between the researcher, transcript, and participants while
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asking what the vignettes do and how they function, as opposed to what they mean. While not
looking for a single truth or traced way of interpreting, rhizoanalysis is exploring and attending
to the multiple connections and relations that occur.
There is no start or end to the data analysis from this study, as my own interpretations
began before the class started. I made choices for the pre-reading material and the class activities
and continued throughout the study. Similarly, students’ interpretations began with the start of
the course and continued throughout. Each instance of connection, or assemblage, is specific to
that moment within this certain group of participants, which directly ties to Masny’s (2013)
explanation of rhizoanalysis as an assemblage. Analysis was interwoven throughout the course
between the students and myself.
There are two pieces to the analysis, or exploration, portion of this study. The first piece
is the writing of trajectory vignettes (Masny, 2013) which use excerpts from each students’
journaling, assignments, class conversations, to explore each participants’ specific journey
through this course through an assemblage of data. The second is the creation of our class
journeys map. I will explain each of these pieces in more detail below.
Vignettes of Colliding Trajectories. After grades were submitted, I reviewed the
consented journaling, student work, and our syllabus, with a specific focus on subjectivity –
reading through how each student’s thinking and reflecting discussed their ideas about
themselves as a science teacher. Any coding or theming of data would strip the essence of our
goal and journey as a class. Therefore, I used each student’s journaling, classwork, comments
from conversations, and class timeline responses to write a trajectory of each as they moved
through the space of what it means to become a science teacher.
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The concept of trajectory is not new to work in teacher identity (Avraamidou, 2019;
Zemblyas, 2003) Both Avraamidou and Zemblyas use the term in passing to describe a path of
identity for participants, including past, present, and future experiences. Avraamidou (2019)
specifically uses the term to discuss participants “emotional trajectory” and “identity trajectory”
in relation to science. This concept intrigued me as it was briefly mentioned in some science
teacher identity work but seemed to encompass that which I saw taking place in our methods
course as I was thinking through the process with a framework of subjectivity.
Trajectories are defined differently within different ontological and epistemological
ideals. A trajectory is defined by Oxford dictionary as “the path followed by a projectile flying or
an object moving under the action of given forces” (Lexico Dictionaries, 2019). Deleuze (1997)
stated, “The trajectory merges not only with the subjectivity of those who travel through a
milieu, but also with the subjectivity of the milieu itself, insofar as it is reflected in those who
travel through it. The map expresses the identity of the journey and what one journeys through. It
merges with its object, when the object itself is movement” (p. 61). Biehl et al. (2010) discussed
this concept further by stating that trajectories as discussed by Deleuze (1997) are part of the
process of becoming and, “the journeys people take through milieus to pursue needs, desires, and
curiosities or to simply try to find room to breathe beneath social constraints” (p. 323).
Viewing our stories as trajectories gives an image of acknowledging forces, or
discourses, that constitute our positions as subjects while acknowledging the journey – past,
present and future. Through trajectories, we can map our connections and give space for future
ideas, while also showing that our experiences and interactions with each other have meaning in
our becomings. Trajectories are not set, fixed, or final, but are responses to various experiences
and aspects that occur throughout a journey.
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Our class was a meeting place for our different science teaching trajectories. Our course
represents a moment of our colliding trajectories of becoming science teachers in a 16-week
span. This is not to say that the trajectories began in this course, rather our vignettes highlight the
moments we were becoming together and allow us to acknowledge the future paths. These
trajectories connect and disconnect in different places, which is shown visually through our class
journeys map. My thoughts and reflections served as a piece to our map, along with students’
thoughts on their experiences. Each trajectory will have its own vignette, or short description,
using participants’ own words and work. To begin this process, I transcribed students’ reflections
from their journals into a document and divided reflections by class date. Student excerpts from
their coursework were then added into the document and placed according to the date they were
submitted. When each trajectory was completed, I sent them to each student to get her feedback,
suggestions, and corrections. The trajectories incorporate multiple moments, pieces, and shoots,
which allowed us to analyze our journeys through connections and disruptions.
Class Journeys Map. Rhizoanalysis allows for a contextualization of the process and the
data learned and interpreted in the process. While interpreting the events of the course
(journaling, syllabus, timeline, student work) our class journeys map was created together to
show overlap of activities and understandings. While traditional analysis allows for a tracing of
theory and data, rhizoanalysis suggests map making. As Alvermann (2000) states, “Maps, unlike
tracings, are always becoming; they have no beginnings and endings, just middles. It is by
looking at middles that we begin to see how, in perspective, everything else changes” (p. 116).
Each student, and myself, contributed pieces to the map throughout the course and participated in
constant (re)connecting of the pieces we each brought in. At the conclusion of the course, our
final iteration of our class journeys was created and analyzed. To aide in understanding of how
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the connections were made, the map will be compared to a more traditional tracing of the events
to theory (Alvermann, 2000).
Our class journeys map, was constructed in a fluid manner to allow for constant analysis
of our experiences – individually and collectively – and was revisited throughout the course.
During the last meeting, the final activity was analyzing our class journeys timeline through this
question: What have we learned about ourselves as science teachers through this course? And,
how can we show who we are as science teachers at this moment? Through a class conversation
about what our interpretations of the course meant for pre-service elementary teachers, the
students decided how to arrange an assemblage of our experiences to depict our time together in
this class and specifically ourselves as science teachers. We discussed the commonalities and
differences in our stories as presented through various responses to prompts from the duration of
the course. The commonalities among experiences and conceptualizations lead us to ‘middles’
and showed us the connections and disconnections made in our journeys to becoming science
teachers together (Alvermann, 2000).
Representation
The data from this study is represented in written format through our trajectory vignettes,
and visually through our class journeys map, both of which served as pieces of analysis as well.
The map represents pieces of our class as a whole while the vignettes give more detail to each
participant allowing us to explore our stories in more detail and aide in discussion of our views
as science teachers. Each of these pieces, the vignettes and our map, incorporate multiple points,
connections, and lines of flight (Deleuze & Guattari, 1988). In this, we are focusing more on
what the analysis can do rather than what it means (Masny, 2013).

64

Keeping to the traditions of PAR, we decided together the best way to represent our
experiences in the given parameters was our interpretation of our map. Through writing I
attempted to capture the choices made when completing the final iteration of our map and think
through our research questions within the relation to our journeys map. As mentioned above, the
concept of a class journeys timeline was introduced to students at the first class, and was used for
an analysis of our views of ourselves as science teachers in the last class.
Conclusion
The use of PAR as a methodology gave us the space to explore science teacher identity
based on individual experiences and conceptualizations. Various methods (journaling, student
work, class conversations, and a class timeline) were used to aide in the creation of the course
and further exploration of who we are as science teachers. Rhizoanalysis was used in order to
focus on what this study and each piece involved can do, rather than what it means. The six
trajectory vignettes and our class journeys map will be explored in more detail in the next
chapter, providing more specific information to our process of becoming science teachers
together.
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Chapter 4
Results
We began as different stories that met in the middle: colliding trajectories. After sharing
our stories, we explored the connections between and within the course through our interactions
with each other and the materials, as all of these relationships constituted our class analysis of
becoming science teachers.
For each of our stories, I will write referencing material surrounding specific student
words and excerpts from their journals, classwork, and conversations. Referencing statements,
such as prompts or context information, will be in regular font and all student words will be in
quotations (marks or block quotes). Each student’s journey becoming a science teacher is
different throughout the course, depicted by their different reflections and course work. The
stories are written based on the date and progression of our classes. Seeing as this work spanned
a 16-week course, pieces may seem choppy or thoughts not fully constituted; however, this
represents what and how we were thinking in those moments. The vignettes include work from
class, which only represents one piece of what is occurring in our trajectories as science teachers.
This class was taken amongst other courses, pre-residency requirements, work, health issues, and
family emergencies.
No specific instance or story is centered, but work is presented as it was done by each
student in class. This format allows for multiple entries and exits, with no necessary starting or
ending point (Deleuze & Guattari, 1988). Not all classes or prompts were accounted for or
responded to the same way by every student. The vignettes, or as we will call them, trajectories,
show our paths throughout this course and continue as we discuss how this course sets us off for
future experiences in science education. Despite our differences, within the same course, we find
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places where we meet and diverge. In this chapter, each story will be shared separately. My
overview will begin the section, as to situate what was taking place within each class. Then, each
student’s trajectory will follow in first name alphabetical order, through a use of student work
excerpts, followed by a discussion of our course, concluding with our class journeys timeline and
analysis of what these pieces let us do.
Rachel
I am a white female, doctoral candidate with a bachelor’s degree in elementary education
and a master’s degree in Teaching and learning science in urban schools. I am 31 years old and
had taught 3 sections of elementary science methods (independently and co-taught) as a graduate
assistant before teaching this course. To represent science on the first class, I brought in a
cardboard box taped with magnetic blocks inside, to show that science is discovery, questioning,
and not always being able to see what is inside. To represent who science teachers are, I bought
in Ada Twist Scientist, a children’s book about a young girl who is constantly questioning the
world around her.
January 14. To begin class, I had students write down any questions they had about
science/science education. Everyone wrote – a lot more than I expected they would. I was not
sure how these questions would go but they wrote for at least three minutes without talking at all.
As students finished up, we transitioned into our get-to-know-you activity where I asked them to
answer the question they are most often asked. Next I shared my teaching story. All the students
know each other from previous courses, but none know me. After sharing, we discussed the prereading activity I had sent them which focused on the idea of democratic schooling. That was a
nice lead in to explaining my research study, which, to my surprise, they all seemed excited
about. One student even asked if she could read it when it was finished!
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We went over the quite empty syllabus next and discussed how we would go about
creating it for our specific needs. After this quick discussion, my advisor came in to collect
consent forms and I removed myself from the room. When she was finished, she sealed them and
took them to her office. After that, class continued with a lot of different activities. We shared
the objects brought in to represent science and science teachers; wrote down our high and low
moments in science; started our class timeline; and created a class list of questions and
expectations for this class.
Reflection: I was really excited with the way class went. I think they were excited to do
this and seem interested in what we are doing. I did ask them to trust me – which they said they
did. But it was only the first class. I need to continue building trust with them. They had so many
ideas and some that I never would have thought of in teaching this course – ideas that are not
usually in the course – which is neat. Their ideas of science vary – and I need to dig more into
this within the next course. They want to teach using group work and have students up moving
and doing things and being outside – at least that was the impression I got – but still had facts
listed as what science is. More probing needs to be done in this area when we come back to class
… I think we’ll start by having them share what kind of science teacher they want to be and go
from there …
January 28. I sent the syllabus out to students on Thursday, January 24. No one
responded to the email with any suggestions. To begin class this week, students reflected
specifically about memories regarding science in elementary school – as students and as teacher
candidates. We added these to our timeline and moved the items from last week around to create
our own ‘spaces’ that include last class’s reflection with this class’s reflections. We didn’t spend
much time back on the timeline this week, because I wanted to review the syllabus and focus our
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discussion there – since it makes up so much of what class is going to be. We reviewed the
syllabus and they did not have any suggestions or corrections to it at the time. Each class period I
made sure tied to at least one of their questions. For reflection activities, I decided to have
students answer the questions they had posed. After reviewing the syllabus, we moved on to an
activity called the missing piece which allowed us to talk more deeply about what science is and
is not. In this activity, students had pieces to a puzzle that they had to put together. When they
were finished, they each received an extra piece and had to rework the puzzle to include the extra
piece. We concluded the class by discussing the state and national science standards and
watching example science lessons from a second-grade classroom.
Reflection: Honestly, this was a tough week for me. I was distracted. Snow was predicted
to come in and I had a job offer that I was trying to decide what I would do. We let out of class
early. The other activity I had planned would have taken more than the time we had left, so I
pushed it to the next week.
February 4. This week, like both weeks before, was packed with activities. We started
with an activity predicting how many drops of water can fit on a penny. We discussed their preresidency placements and then went into a discussion over the reading they had chosen to
complete. Last week each had signed up for a different chapter from different texts regarding
science education in elementary schools. Next, we did a quick group discussion about these
readings and how they were similar and different. I chose the options students could pick from,
but they were able to choose which one to read. By sharing as a group, we each heard about
different views on science education.
The activity from last week that I had to move to this week was a solar oven cooker. This
was a lesson I used when I taught middle school, and I conducted it just as I would with students.
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They were given basic materials (cardboard box, aluminum foil, tape, scissors, plastic wrap) and
challenged to create something that would cook a s’more. After this activity, and while our
s’mores were cooking, we discussed how to integrate science into other subjects. Each student
picked a science standard and brainstormed various ways to integrate it into other content.
February 11. We began our puddle unit this week. This is something new for me and
was suggested by another elementary science education instructor that I reached out to for
resources. I introduced students to a phenomenon, that I had seen a puddle outside in the
morning and when I returned in the afternoon, it was gone. I decided to take students through
this unit in pieces, so we only spent a short amount of time on it this class. After this
introduction, I showed students the different unit planning templates they would be able to
choose from for their group work. These five templates were ones that I had either used
personally, or had been recommended to me by science education instructors. I wanted to
provide various templates to students could see there are different ways to teach science, and one
way may fit their ideas better than another. To end the class, I had set up stations to show how to
teach each discipline area in science (life, physical, earth and space, and engineering).
Reflection: Students were assigned a reading for the week, but only one had done the
reading. We decided to move the reading assignment back a week. I was disappointed but this
speaks to my struggle with being the one who chose the readings. I wish I could think of a
different way to do this so that students could choose. In the stations, I had wanted students to
work in pairs but Ronnie was absent, so Susan chose to do the stations alone rather than join
another group. The moon phases modeling station seemed to really confuse some students, so we
will come back to this concept next week.
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February 18. Last week I asked students if they had any interest in guest speakers
coming to our class. We had the opportunity from other science education instructors, to invite in
two guest speakers. They seemed excited about this idea so today we had in a representative
from the Agriculture in the Classroom program.
After his presentation, we discussed our readings from the previous week. Before
discussing, I told students to remember that we created this class together and if they ever feel
something isn’t beneficial for them (reading, assignment, etc.) to tell me. I told them that I tried
to pick readings I thought were helpful but I’m also doing things and trying to include things that
I didn’t have in my own educational experience so it may or may not be what they need. They
brought up that sometimes it’s hard to read academic articles– it takes a while to get it and that
doing things helps more. They said that sometimes it’s hard to sit down and start but when they
do they get invested. Many said they take notes or write things when reading these types of work
to remember.
February 25. Students were to think about what questions came up as they were creating
their moon phase models. They shared the questions and we discussed what path to take next –
they voted they wanted to talk about the teacher side – what would a teacher do if students had
models that didn’t agree? How do they continue? Since we spent longer on this, we cut our
puddle unit activity short. Upon completing this, we did our second classroom observation. We
used Case 164 from the ATLAS1 videos that showed a teacher facilitating groups working on
cars on ramps and friction. No one had read the article for the week article so I pushed that aside
and went over the textbook evaluation. Once we had discussed it, students got their textbooks out
and began evaluating them using the evaluation form I modified from my seminar in science

1

ATLAS is a collection of videos over various subjects and grade levels from National Board Certified Teachers.
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class. I chose this activity in correlation with the reading (Gutierrez, 2016) because of the
question they posed about how to be creative with scripted curriculum. My idea was the first step
is to know your curriculum – what does it present and how?
Reflection: I often feel I am talking too much and sharing too many of my own ideas and
thoughts, rather than opening up the discussion and listening. I am making it a goal to work on
this. I knew it would be difficult, but it’s proving more difficult than I thought.
March 11. Since we just came back from spring break, we began with a question about
where we saw science over break. Then, to help us remember, students shared about their
textbook evaluations. Students wanted to know in the first class how to make science lessons
culturally relevant or if this is even possible. Using their question, I would bring this topic up at
various points throughout other classes, but focused a larger amount of time on this topic this
week. We watched a few videos from Gloria Ladson-Billings and Chris Emdin discussing the
concepts of culturally relevant and reality pedagogy. We created a class Padlet2 to look at how to
use our own lives as part of instruction and reflected what it means for them to teach in a
culturally relevant way.
March 18. Students were very concerned about assignments and completing everything
as the semester begins winding down. We chose new groups for the unit-planning assignment,
reviewed specific details of upcoming assignments, completed our puddle unit, and then
reviewed culturally relevant pedagogy (CRP) in science. The puddle unit took up most of time
in class. Students investigated a question they had about the puddle and decided they wanted to
try and find solutions to puddles forming. We used dirt, rocks, sand, and water to create puddles
and then used other various materials to see if we could stop the puddles form forming. Since

2

Padlet is an online collaboration board
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this was the first time for me, as an instructor, to do this activity, I loved watching their reactions
and engagement to the simple concept of a puddle. They were surprised at how excited they got
to try and figure out concepts related to what became known as “our puddle.” To continue our
discussion of CRP, we looked at a sample lesson from the National Science Teaching
Association that they have labeled culturally relevant and discussed what that meant and how it
was similar and different to our previous discussion.
March 25. This week we had our second guest speaker who conducts You Be the
Chemist trainings. She brought in a lot of great activities and showed us how to use inquirybased teaching in lessons. At the end of class, we added to our timeline, focusing on any
experiences we had in and with science since beginning the course that we thought should be
represented.
April 15. This week was set aside for students to present their unit plans. Each group
created a unit plan with at least five connecting lessons, using their choice of one of the provided
templates. I was excited to see how these turned out, as the assignment itself had stirred up
conversation. Also, I was excited to see how – and if – the unit plans differed from their
individual lesson plans. Each group had a visual presentation to go with their unit planning
documents, and presented each lesson in detail. When the presentations were completed, I
reminded students to come up with questions for next week’s panel and gave them time to work
on their final classroom design project.
April 22. This week we had ‘Pizza and Panel’ where we had four current elementary
teachers come in to talk about teaching science. Three of these teachers were former students I
had taught in science methods and one is a former colleague from when I taught middle school.
My former colleague is no longer a classroom teacher, but a STEM director in an elementary
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school. The other three panel participants teach in an elementary school setting and all, in some
capacity, teach science. They shared their backgrounds with us briefly, and then students asked
them questions while we enjoyed a pizza dinner together. Each student asked multiple questions,
and they each took notes throughout the conversation. Topics of interest included, but were not
limited to, lesson planning, scripted curriculum, interviewing, time for science instruction, and
availability of resources.
April 29. Our last class consisted of each student presenting their final project. Students
took turns showing us their science classroom design work. Five of the six had a PowerPoint
presentation and one student had created scrapbook style pages to depict her ideas. They were
told they could use any form of representation they wanted, but they had to make sure to address
certain talking points. At the very end of class, we returned to our class journeys timeline. We
added cards and decided on what our final representation would be.
Ally
Ally is a white female, undergraduate elementary education major in her early twenties.
In our class Padlet and often in class conversations, she referenced the importance of her family
in her life, specifically her brother and mother. For the first class, Ally brought in a highlighter to
represent science and a hacky sack to represent who science teachers are. She said that a
highlighter “highlights important things” and a hacky sack is used in a game and is “changing
things up”. When asked specifically to respond to what science is, she described it as “abstract
yet facts so difficult.”
January 14. High moment: “Understanding the periodic table.” Low moment: “Feeling
so confident on a test then failing.”
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What kind of science teacher do you want to be? “An effective science teacher. I want to
be as engaging and interactive as possible. Almost to the point of being Ms. Frizzle3.”
Goals for the class: “Methods on how to teach the different parts of science (solar system,
moon phases, periodic table, parts of a plant) and resources to make lessons engaging.”
January 28. Reflection questions: How does this video compare to what you remember
from elementary school/what you’ve seen as a teacher candidate? “I don’t remember this much
hands on/time/talk spent on one topic at all. I have seen none of this except ‘asking prompting
questions’ displayed in the classroom.”
Class Reflection: “I really enjoyed getting to talk through the syllabus/schedule more. It
really makes me feel better prepared. I also enjoyed getting to discuss and explore the TN state
standards so that we are all familiar with them.”
February 11. Reflection questions: Can you be an effective science teacher even if you
aren’t good at science? “Yes, as long as you give them room to think for themselves and help
probe their thinking.”
What would you do with tough questions your students may have about material? “If you
don’t know, be honest with them. Tell them you don’t know and so some research on it to try
and answer it next time.”
Lesson plan first draft: February 11. Ally planned a 65-minute lesson on phase
changes of matter for a fifth-grade classroom. Her lesson plan began with students watching a
video on matter and asking them what questions they have about matter. After these steps,
students create a graphic organizer to take notes on the three states of matter as she gives them
the information and vocabulary words. After taking notes, she planned to have students conduct
3

Ms. Frizzle is the science teacher in a popular children’s book series, The Magic School bus. She is known for
taking her students on extraordinary field trips and wearing science related dresses.
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a simple experiment, where they make root beer floats and identify various states of matter in the
dessert. After the students eat the root beer float, they would complete a test that was given to her
by the teacher as part of their science curriculum.
In my feedback to Ally regarding this plan, I suggested thinking through the order of the
activities with the lesson and allowing students’ ideas and questions to lead the way. I also
encouraged her to share where she got this idea about root beer floats with her students, as she
was eating ice cream one night while planning and connected it to the states of matter. I shared
with her that the real-world connection would be a great lead in to ask students where they see
states of matter and the changing of states. However, Ally chose to stick with her original draft
when teaching the lesson.
February 18. Lesson Plan Reflection:
I love how I was able to integrate a hands-on activity with it. I feel as it reflects
the science teacher I want to become because I want students to constantly be engaged. I
do, however, want to be able to use interdisciplinary lessons within the classroom (i.e.
math w/science, social studies w/science).
Class Reflection: What is science: “It has no definite meaning” Science teacher now:
“Engaging/integrative” Science teacher you want to be: “A fun, excited teacher who is effective”
March 11. Spring Break Reflection:
Over spring break I saw science in many ways. I saw it in a science classroom
while observing, I saw science in the hills and valleys of Alabama, and I saw science in
an oil puddle on the ground, in rain, in sun, in day and in night.
Reflection: What is culturally relevant/responsive teaching to you? “How can every
lesson taught have a cultural, personal, or community connection?? It doesn’t seem possible.”
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What is CRP to you? “Making sure every students’ voice is heard and that every
students’ learning needs are met throughout the lesson. (To be honest, I’m still confused about
them.) Why is it necessary to incorporate?”
Lesson plan rewrite and reflection: March 12. Ally taught the lesson as mentioned
about from her first draft. She noted in her reflection and class conversation that she did
improvise some and that the idea just came to her as she was teaching. She had students come up
to the front and act out how molecules are acting within each state of matter. She reflected,
Within the lesson, everything went smoothly. Teaching it wasn’t the issue; making things
interesting for the students and coming up with activities to do with them on the spot was
what was hard. I had to learn how to read the room and see what needed to be done. It
was really cool how my brain just came up with something on the spot. I don’t even
remember thinking about what to do.
For this lesson, Ally was observed by her university supervisor – who sent me a text message
and picture during Ally’s lesson, as she was impressed with the teaching she was seeing. Ally
also told us in class that while she was teaching, her teacher brought in the school principal to
watch her, furthering her confidence in this lesson. She said,
4

I honestly believe that this lesson went great. My PIM , my observer, and the principal
told me that I did an incredible job and that they and never seen the students engaged this
much during a lesson.
In her own reflection, Ally noted that students did not do well on the test given, and she was
frustrated with that. She stated,

4

PIM refers to the mentor teacher in students’ pre-residency placement
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Overall, I think that this lesson went really well. The students were constantly engaged
during the lesson and seemed to enjoy it. They were taking notes during the lesson and
answering questions correctly. However, when they were doing the assessment, they
blanked out on all of the information.
She also brought up in our class conversation, that students in this class did not have science
lessons often, as the teacher focused mainly on math. This lack of science instruction was also a
source of contention for her.
Resource list: March 25. Ally chose to complete her resource list on the topic of
physical science, which also happened to be the topic covered in the lesson she taught. The most
excited explanation on her resource list had to do with a site she found, Legends of Learning,
that was free and included teacher resources tied to standards. She wrote,
This resource is an INCREDIBLE find!!! It is free with SO many teacher resources. It
targets the students, but is similar to an iReady5 type online curriculum but for science. It
links the games with what school district you are in and what grade level you teach
WITH THE STANDARDS!!!!! I’m seriously in awe.
Student interview: April 12. Ally interviewed a student in the fifth-grade class where
she completed her pre-residency visits. For her interview, she used a worksheet the student was
completing for his science class that focused on physical and chemical changes. However, seeing
an opportunity to talk to the student about his views on science, she asked generic questions
about science as well. In the write up of this activity, she wrote,
Throughout this interview, I was mainly assisting the student with the sheet while asking
him how he liked science. He said he really enjoyed it and wish they had more time for it
5

iReady is an online, standards based curriculum used across the nation to improve students’ test scores in math and
reading.

78

during class, but unfortunately the teacher neglects science lessons in order to teach math.
I asked him if he understood the science concept the worksheet was over, and he said
“somewhat.” I then assisted him in understanding physical and chemical changes.
She ended her reflection of her interview by stating that realizing students have a lack of science
in elementary school “breaks her heart.”
April 29. What did you think about teaching science before and after this course?
Before: “Hesitant that I would take anything away.” After: “I feel extremely prepared to teach
my own science class.”
What moments in the course do you feel helped you grow? “Watching ‘our puddle’ and
trying to cook a s’more with cardboard and aluminum foil.”
Course Reflection:
I honestly don’t remember what I brought in so I would probably change them but
I don’t know what to. I would love people to know that this course is not intimidating. I
want other to know what we helped create the outline of this course and by doing so, I
was ultimately was more interested I this course as a whole. I also learned so much from
this class – things that I honestly wouldn’t have thought.
Science classroom design. Ally prepared a PowerPoint presentation that addressed each
area required in the science classroom design assignment.
Philosophy of Teaching Science:
All children are unique when it comes to learning; most students require
stimulating, hands-on activities. Within the classroom, I would love to include activities
for all learning styles: the Linguistic Learner, The Naturalist, The Musical or Rhythmic
Learner, The Kinesthetic Learner, The Visual or Spatial Learner, The Logical or
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Mathematical Learner, The Interpersonal Learner, and The Intrapersonal Learner. I desire
to create a classroom where students can meet their full potential. I want to provide a safe
environment where student can share their ideas, take risks when it comes to learning,
and let their curiosity direct their learning.
Current Science Teacher Description: “I consider myself an effective science teacher; I
try to put myself in the students’ shoes when outlining/planning lessons. Having this perspective
as a teacher, I can better meet the learning needs of my students.”
Future Science Teacher Me:
I hope to learn new techniques and strategies to become a better teacher and meet
the students’ needs. I plan on growing gradually, year by year, in my teaching methods
with the help of other teachers in my department and the faculty in my future school.
Room$Design
! I$would$have$inspirational$science$
quotes$around$the$room

Figure 2. Ally’s classroom design: Inspirational quotes

Room$Design
! I$would$also$have$anchor$charts$such$as$these$up$year8round.

Figure 3. Ally’s classroom design: Anchor charts
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Throughout the course, Ally’s conceptualizations of what science is and who she is and
wants to be as a science teacher changed as seen in Figures 4 and 5 below.

Figure 4. Ally’s conceptualizations of science throughout the course

Figure 5. Ally’s conceptualizations of herself as a science teacher throughout the course
Anna
Anna is a white female, undergraduate elementary education major in her early twenties.
In many class conversations, Anna mentioned the fact that she was from a rural area and teachers
would often use anything they could find as resources for their classrooms. For the first class,
Anna brought in leaves to represent science and a framed poem titled: “Starfish” to represent
who science teachers are. She explained that, leaves “are nature” and the poem, given to her by
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her sister, is about the kind of teacher she wants to be, one that “makes a difference.” When
asked specifically to respond to how she felt about teaching science, she said she has “always
liked science and is excited to teach it.”
January 14. Questions about science teaching: “How do you help students who are
struggling to feel comfortable with and to own the material? What are some ways to break down
difficult material for student in manageable pieces?”
High moment: “Going into college and taking biology. I was worried I would not do
well. I ended up loving the course and was successful.” Low moment: “I was once assigned a
project which I had to design my own research and experiment. When I came up with ideas I was
passionate about, but my teacher told me I was too ambitious. It was (…).” Also, she mentioned
in our class conversation about these moments, that engineering projects were stressful for her
and not fun as most other kids had a dad or brother around to help, but she did not.
What kind of science teacher do you want to be?
No matter what level or grade science I am teaching I want to teach in a way that
cultivates and fosters students’ natural curiosities. I want all students to never stop asking
questions and searching for answers. I want to challenge students while also giving them
the knowledge, support, and confidence they need to be successful.
What do you need from this class? “In order to do that I will need to know how to
effectively gather resources and advocate for the resources my students need. Not only this but
how to motivate struggling students.”
January 28. What do you remember about science when you were in elementary? “I
remember being in fifth grade when our school finally got microscopes. Learning how to use
them then getting to see all of the cool things we did was exciting.”
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What have you seen in elementary schools since in the teacher education program? “I
have seen kindergarten students learn to make observations and then observe and describe
weather.”
Class Reflection: “Watching a science lesson that was as rich as the one in the video was
beneficial. I learned ways to make science exciting and engaging for all students. I enjoy the
constant reflection time in class.”
How does this observation compare to how you remember science? “There were some
days when learning was student centered but mostly direct. Popcorn reading, vocabulary,
testing.”
Things you’ve seen in elementary science? “The students observe weather outside. They
were read stories and built on prior knowledge.”
From looking at the standards: What does science look like in elementary? “Every
standard has an action.”
February 4. Reflection:
Science is an active subject that is constantly changing. Students act as scientists
every day with would realizing. They just need to be taught how to do science. I see
myself as a science teacher that fosters students’ natural curiosity and gives them
confidence to succeed. I want to also become a science teacher that challenges my
students.
February 11. Reflection: How were the stations different? The same? “Each station
allowed us to think about things in different ways.”
What if you aren’t good in science can you be an effective science teacher? “Yes. You
can learn and explore ideas with students.”

83

How would you answer tough questions your students may have about material? “Ask
them probing questions or design an experiment/model they can use to discover the answer.”
February 18. Lesson Plan Reflection:
I plan to write my lesson over the third-grade unit survival of plants and animals. I
want the lesson to be explorative and interactive with students. I am hoping to do an
escape game type of activity. Being in the STEM classroom I am lucky that all the
students will have access to laptops. So they could be used to make my lesson research
oriented and interactive. My PIM has given me freedom. I am thankful for but it also
makes me nervous to do something ‘wrong’ in some way.
February 25. Reflection: Moon Phases Model: “I began to question knowledge that I
thought I knew. I could not remember how the moon moved and if it did in relation to the sun
and moon.”
March 11. Where did you see science over spring break?
One of my best friends is having a baby so I was with her when she felt it move. I
gardened with my mom. While going for a hike one trail was blocked off because a rock
slide had happened due to the rain.
What does it mean to teach science in a culturally relevant/responsive way? “It means to
include ideas and perspectives of all students. It isn’t just putting flags of other countries around
the room. We have to be able to recognize and address our own bias.”
Resource list: March 25. Anna chose to complete her resource list on the topic of
Science, Technology, Engineering, and Math (STEM). This choice was influenced some by the
fact that her pre-residency placement was in an elementary STEM classroom, which she enjoyed.
Her resources spanned model based instruction, simulations, and games with real-world
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connections. She made a point to specifically note how certain resources could be used to
integrate more subjects, including social studies and literacy.
Lesson plan first draft: April 5. The lesson Anna submitted for her first draft plan was a
third-grade science lesson focusing on the structure and function of plants. Anna began the
lesson with having students conduct a think-pair-share on what they know about plants. After
watching a video about plants, she states that she will teach the students a dance move or motion
to represent the parts of a plant. She will then read a function and students will respond by
completing the corresponding dance move or motion. Students will then “observe celery in water
and make predictions about what they think might happen.” Following the observation and
predictions, she will ask students probing questions and record their answers. The lesson closes
with an exit ticket where students write three things they learned and draw a smiley face to
represent how they felt about the lesson.
Feedback for Anna’s first draft focused on the lack of details surrounding the activities
planned. The dance motion activity and the celery and water observation were very vague and
had minimal information in the first draft. In her explanation of the class, Anna mentioned it was
an “optional class so some students may be able to understand more abstract and complex
concepts. For these students they could complete a small ‘research’ assignment where they
inquire and investigate how the water moves through a plant stem and tell the class what they
learned.” Based on this comment, feedback was given to probe this thinking. What if it wasn’t an
optional class? Do you think there would still be students who would be able to understand more
abstract concepts? Could this just be for students who finish early?
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Lesson plan rewrite: April 22. Anna kept the same format for her lesson plan in her
rewrite. However, she responded to the feedback by adding in more information regarding the
dance motion activity. She added to the first activity,
After the teacher models the dance moves for the students and the students are able to
practice them then they will begin the activity. When the function is read aloud the
students will give their answer by doing the dance move. For example the dance move for
the root, the student will lean forward and wiggle their arms around, so when the teacher
says “This part keeps the plant held to the ground and is underground.” The students
should then make the dance move for the root which is them leaning forward and
wiggling their arms around.
She also added in a note regarding the extension activity, stating that,
The class is an optional class so some students may be able to understand more abstract
and complex concepts. For these students they could complete a small “research”
assignment where they inquire and investigate how the water moves through a plant stem
and tell the class what they learned. Even for a non-optional class with scaffolding the
students would be able to master the objectives and understand the concepts.
Student interview: April 26. Anna is part of a local tutoring program and chose to
complete her student interview with two sixth-grade students from the tutoring program. She has
known these students for a while. She mentioned in the background information that she has a
relationship with both students and has attended some of their basketball games before. Both
students are a part of her honors math class and she stated that both do well academically.
To begin the interview, Anna posed the question to the students “What makes a
basketball go through a hoop and how does it happen?”. She came up with this question based on
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her knowledge of the students’ interests. To aid the question, she showed the students a slowmotion video of someone shooting a basketball and it going into a hoop. She strove to lead the
interview in a casual, conversational way to get students talking in a non-academic format.
Throughout the interview, she asked probing questions such as “Why do you think that is?”.
She noted that at one point, one student “got filled with such curiosity that he talked so
fast and grabbed a paper to draw out what he meant” before she even asked if he could show her
what he was thinking. She goes on to mention that the students were discussing Newton’s Laws
of Motion, “without realizing it.” Summarizing her experience conducting a student interview
Anna said,
Overall I believe that I did make the students thinking visible to me. The students drew
models and labeled them representing their thoughts, they answered and knew more than
they believed they knew. Although I was tempted to try to give the answer or to answer
the questions I asked I did not do so. It made the experience so much better and more
meaningful when I allowed them to guide the conversation.
Anna noted an instance where she felt she succeeded was when one student excitedly grabbed
paper to begin drawing what he was thinking without her asking him too. She described a missed
opportunity when the other student mentioned distance and angle as factors influencing whether
or not the ball goes in and she did not ask her to further explain her thinking. She concludes with
an idea of taking them into the gym to have them show her using a basketball and goal.
April 29. What did you think about teaching science before and after this course?
Before: “I pictured science as being something taught very directly and structured.” After: “I
now know that science can be a way for students to learn to think critically and explore their
curiosities – ‘WHY?’.”

87

What moments in the course do you feel helped you grow? “I learned to ask questions
(student interview); fell in love with science again; was supported and given resources to learn
how to be the teacher I want to be.”
Course Reflection: “I would say that I enjoy making science fun. Students should be able
to discover and learn things for themselves. Science should be a subject where students can
unleash their curiosities. I want science to be somewhere that students can always ask ‘why’.”
What is science? What is a science teacher? “Science is asking questions and
discovering. A science teacher is someone who cultivates students’ curiosities, teaches them how
to problem solve, challenges them and encourages them to think critically.”
Would you change the objects you brought in at the start of class? “I would not change
what I brought in but I would talk about it differently.”
What I got from experiencing class designed this way:
I loved being able to design a class to fit my and our classes needs. In education
we are taught to differentiate in accordance to our students' needs. I felt this course
perfectly modeled that. In this course I was valued as not only a student but also an adult
and future educator. I enjoyed learning and took ownership in this course because of the
way the course was designed.
Science classroom design. Anna continued with a theme from our first class for her
classroom design project. For the first class, she brought in a framed Starfish poem to represent
who science teachers are. Using this as a theme, she described herself and her future science
classroom.
Philosophy of Teaching Science.
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As a science teacher I want to always work to make a difference if even it is only
for one student. I want to encourage my students to dream, explore their interests, to be
curious and never stop asking questions with a child-like sense of wonder. I want
students to know that they too can always make a difference... if only for ONE starfish.

Figure 6. Starfish poem from Anna’s classroom design project

Figure 7. Anna’s response: Currently as a science teacher
Who I want to be as a science teacher: I want to be someone who leaves my
students so curious that every time they pass a certain puddle outside they look at it and
wonder about, "their puddle." Science in schools has become something it’s not. Science
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in schools has been telling us science is elite. Scientists aren't old white men sitting in lab
coats. Scientists are our students and they are our future.

Figure 8. Anna’s response: Who I want to be as a science teacher
Throughout the course, Anna’s conceptualizations of what science is and who she is and
wants to be as a science teacher changed as seen in Figures 9 and 10 below.

Figure 9. Anna’s conceptualizations of science throughout the course
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Figure 10. Anna’s conceptualizations of herself as a science teacher throughout the course
Lauren
Lauren is a white female, undergraduate elementary education major in her mid-twenties.
Lauren has a young son and teaches dance classes. Teaching dance is important to her and she
shared that, “Through teaching dance classes, I became interested in becoming a school teacher
because I enjoy helping the students learn, grow, and be proud of their accomplishments.” For
the first class, Lauren brought in baking soda and vinegar to represent science and a ninja turtle
figurine to represent who science teachers are. She explained that baking soda and vinegar were
pieces to a demonstration she “loved as a kid-it’s what science was; and loves it now for all the
things it can do – like cleaning” and the ninja turtle figurine, represents “a turtle for a specific
science teacher she loved.” When asked specifically to respond to how she felt about teaching
science, she was “so excited to teach science!!”.
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January 14. Questions about teaching science: “How much time is able to be devoted to
science in elementary schools? What are the ‘must have’ tools/resources for teaching science?”
High and low: “High – getting into anatomy and doing well in class; Low - dissecting
squid.”
What kind of science teacher do you want to become? “I want to teach to make an impact
and the students remember what they have learned I want them to go beyond passing tests and
use the information gained to learn more and expand as they get older.”
What do you want from this course? “Methods of making learning fun and impactful.
Knowledge on useful resources. Specifics for categories (solar systems, human anatomy, plants,
etc.).”
January 28. Lesson Observation Reflection:
This seems more student centered learning/exploring as compared to what I
experienced (as an elementary student). They spend a lot of time on one unit. I haven’t
seen a science lesson yet (as a teacher candidate) so I don’t have anything to compare it
to.
Reflection: “I enjoyed having time to look at the standards and familiarize myself with
the way they are designed. I also like our plan for this class and all that we will do over the
upcoming semester.”
February 4. Reflection: “Science is not anything that can be put into a box. It can
influence lifestyles and change the world for the better (or worse). I hope to be the science
teacher that allows students to learn through experiences.”
February 11. Reflection:
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I would describe myself as a science teacher as a student centered teacher. I strive
to allow the students to explore and learn on their own. I think that it is important for
them to find value in science and my goal is to expand their interest and encourage them
to ask questions.
Lesson plan first draft: February 15. Lauren’s pre-residency placement was in a
kindergarten classroom. For her lesson plan, she focused on identifying the needs of plants and
specifically, how they obtain food. In planning her lesson, she mentioned that students did not do
much science in her classroom; rather, they followed along in a very structured way to
PowerPoint presentations. Knowing this, she utilized a PowerPoint approach – something that
the students would be familiar with – but added in lots of various activities to get students
moving and planned this lesson to occur over two 30 minute sessions.
To begin the lesson, students would be told that they would be thinking like scientists
and– making it a point to specifically mention the scientific method is a guide, “but all science
experiments do not have to follow this order.” Next, what plants need to survive, something they
have learned in previous lessons, is reviewed and then students would “think and act like a plant”
where they use various movements to show how plants grow.
She ends this activity by stating that the “teacher will tell the students that the water is
falling from the sky,” and then ask, “But wait, how are we going to drink the water?”. From this
question, she includes other probes for students about whether or not the plants could use straws,
how plants drink without mouths, and if students mention roots, to ask how water could get to
the leaves. These questions lead into students thinking and sharing their ideas with a neighbor
regarding where water enters a plant if they don’t have mouths like humans. After sharing with a
neighbor, she states that the teacher will make a list of ideas on the board. The next question
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posed is about how water moves throughout a plant, and again, students turn and discuss, and the
teacher creates a list on the board. She then instructs students to return to their seats and in a very
detailed format, explains the celery stick activity that students will be completing.
Once the activity is completed, the students return to their seats and complete an ‘after’
picture of their celery, coloring and placing stickers where they think the water entered the plant.
The closure of the lesson has students coming back to a whole group discussion, and generating
questions they now have after observing the water and celery.
In the feedback on Lauren’s first draft, I suggested thinking through the order of activities
and reviewing the 5E6 format to see if it would be useful. I also suggested that a model could be
created – individually and as a class – for students to explain how water travels in a plant.
Resource list: March 25. Lauren’s resource list focused on Earth science websites which
included NASA Educational, Seismic Explorer, interactive solar system games, Earth and Moon
viewer, and Weather kids. She discussed ways in which she would use these in a classroom
ranging from web-quests, students researching their own questions, small group tasks,
discovering patterns through investigations, and integrating social studies into science.
Student interview: April 12. Lauren interviewed a second-grade student who is in a
STEAM class at school. The interview was conducted in a home setting, as this was a student
Lauren knew. She mentioned that the student was excited to help her with an assignment about
science. Lauren brought pictures of the Grand Canyon and used them to ask the student how she
thought the Grand Canyon was formed. The student knew what the Grand Canyon was but had
never been there. The student specifically referred to the Grand Canyon as a mesa, relating it to

6

5E refers to a lesson planning cycle including engage, explore, explain, elaborate, and evaluate commonly used in
science education.
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something she had seen on Minecraft7. Through probing, the student discussed what she saw in
the picture and noticed the water, which led Lauren to bring out more pictures of the Grand
Canyon.
Lauren asked various questions such as: “Do you think a man made it? How long do you
think it’s been there?”. And concluded by asking the student “I want you to think of your own
theory of how the Grand Canyon was formed and draw a picture of it.” Lauren noted that she
was “impressed with the student’s knowledge of what factors could affect the landscape.”
The student’s final theory about the formation of the Grand Canyon was that an earthquake split
the land, which she drew in detail for Lauren.
In her reflection, Lauren noted the difficulty with asking questions to see what the student
thought while not including too many of her own ideas or corrections. She said she found herself
wanting to teach instead of exploring what the student already knew. Lauren felt successful in
this activity when the student drew a picture of her thinking, which allowed Lauren to step back
while the student expressed her thoughts on her own. In reflecting on a missed opportunity,
Lauren noted the difficulty of showing moving water in the pictures she brought and would have
included a video for other reference points.
April 29. What did you think about teaching science before and after this course?
Before: “I was excited to learn about how to teach science. It seemed fun and not so
challenging.” After:
There is a lot of depth within each concept. With careful planning and consideration,
there are ways to ensure the concepts are approached and understood. I am still excited
about teaching science but just realize it has a lot more to it than I first expected.

7

Minecraft is a video game where players can ‘build’ their own worlds.
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What moments in the course do you feel helped you grow? “Student interview, teaching in class
and trying to make connections.”
Reflection:
No, I wouldn’t bring in different items. The turtle represented a teacher that made
an impact. The baking soda and vinegar represent hands on learning and experience. I felt
like I had a choice and voice within this class. I’ve learned so much but it didn’t feel
stressful. I looked forward to class and enjoyed learning. This class has shown me ways
to teach that I didn’t think were possible.
Science Classroom Design: April 29. Lauren created interactive pages for her classroom
design project, as shown in Figures 11, 12, and 13 below. Her philosophy of science page
showed how she believes science should be taught. In the page depicting how she views herself
as a science teacher, a closed flower is shown, with descriptions of herself on each petal. Some
of these descriptions include: “learning from professors”; “struggle to want to teach instead of
allowing students to learn”; “nervous about parents”; “comfortable with PLC”; “background of
direct instruction.”
To describe the kind of science teacher she wants to become, the petals on the flower
open, with new descriptions on the inside of each petal. The insides state:
learning from students; comfortable with students leading learning; know my student
well enough to maintain order; rock star lessons, fun and high scores; have confidence in
my practices to communicate effectively; thrive in a PLC; know when to provide answers
and when to allow students to discover.
The stem of the flower includes a quote that she made for our class, “Let’s root for each other
and grow.” Written on this page is also teacher: past, present, future.
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Figure 11. Lauren’s philosophy of teaching science

Figure 12. Lauren’s description of herself as a science teacher currently
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Figure 13. Lauren’s description of the kind of science teacher she wants to be
Lesson plan rewrite: May 1. Using the same format and structure from her first draft,
Lauren added details to her procedure through specifics in questions that would be asked, details
about activities, and more information about what students would be doing. Where in the first
draft she had that the teacher would make a list of student ideas on the board, her rewrite added
to this by stating that,
The teacher would draw a picture of a large flower on the anchor chart at the front of the
room. The teacher will generate a list of words and pictures to describe what the students
are saying aloud. For example, the teacher may write “water enters through the leaves”
with an arrow pointing at the leaf if a student suggests. The teacher will write all ideas on
the anchor chart.
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When asking students to dig deeper in this thinking and talk about how water moves
throughout a plant, Lauren added more teacher prompts to continue asking students questions to
push their thinking. These ideas then lead Lauren into introducing the celery and water
experiment to the students, detailing how to set up the experiment and what students should be
doing – including have them complete a before picture of what the celery looks like at the start.
The conclusion of the lesson was changed slightly. While still having students think about what
questions they have, she added a prompt to ask them what they can do with what they have
learned from the day’s lesson regarding taking care of plants.
In reflecting on her experience, Lauren discussed the difficulties of planning and teaching
in a classroom that had a different set up and structure than she would have if she were the lead
teacher. She was observed by a university supervisor for this lesson, and received comments
regarding students’ talking during transitions, etc. This was discouraging to her, as she did not
see this as an issue and was trying to allow students the opportunities to do science in a different
way.
Science Teacher Self Trajectory
Throughout the course, Lauren’s conceptualizations of what science is and who she is
and wants to be as a science teacher changed as seen in Figures 14 and 15 below.
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Figure 14. Lauren’s conceptualizations of science throughout the course

Figure 15. Lauren’s conceptualizations of herself as a science teacher throughout
McKenzie
McKenzie is a white female, undergraduate elementary education major in her early
twenties. Describing herself, McKenzie shared,
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I grew up in a small town about 45 min east of Memphis and attended public school.
Also, I loved school throughout elementary, middle, and high school and still love it in
college. Which may explain why I'm getting a degree so I can be in school the rest of my
life - haha! But I love to continuously learn so that I can teach to the best of my ability
when I need to!
For the first class, McKenzie forgot to bring something in from home, so she spent a few minutes
searching around our classroom and outside of the building to choose her objects. She chose a
branch to represent science and beaker to represent who science teachers are. The branch
represented “nature and all of the pieces are like the pieces of science – understanding how and
why” and the beaker represented science teaching through materials. When asked specifically to
respond to how she felt about teaching science she wrote, “LOVE IT! So many teaching
options.”
January 14. What questions do you have about teaching science/science education?
“How interactive should you make science lessons? (experiments, activities, models, etc.) What
all does science entail in the lower grades? What would you consider the best way to teach
science? Direct? Indirect?”
High: “getting to travel and experience beautiful places in the world.” Low: “not
understanding chemistry and physics and the math that comes along with science.”
What kind of science teacher do you want to be?
I want to become a science teacher who makes science more than just a subject
for my students. I want to teach how science relates and is used and seen in everyday life.
I want to teach it in an engaging way that the students will become interested in.
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Expectations for this class: “Learn how to teach science with limited resources. What
resources to use/where to get them from. How to engage students in science when they are not
interested. How to relate science to everyday life.”
January 28. Science in elementary school: “Positive: making cells with jello and food”;
“Negative: mean teacher.” Science in elementary as a teacher candidate: “Positive: students
learning about different landforms and making them with playdough”; “Negative: science being
pushed to the side.”
Reflection:
It was beneficial for me to think about what science is and what it means to be a
scientist. The video we watched was helpful to see a science lesson and how to go about
it. I also really like the book Ada Twist scientist.
Observation reflection: “I don’t remember doing anything like this in elementary but I
wish I did. I also wish science wasn’t pushed off as much and was given more time in
classrooms today.”
What does science look like in elementary grades? “Captures the curiosity of children;
Investigators – natural phenomena; Engaging with practices – activity! Builds through the
years.” When does it become its own subject? “After eight-grade it begins to specialize core
areas.”
February 4. Reflection: “Science is everyday life, what makes it and how it changes.
It is MANY different things – not specifically defined. I want to become a science teacher that
integrates other subjects and uses activity and experiments.”
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February 11. Reflection: “This class really opened up new ways for me to think about
teaching science and getting my students to think and experiment and explore and question rather
than just giving them an answer.”
February 18. Lesson Plan Reflection:
I am going to teach on natural hazards. I will have my students practice BEING
scientists and come up with solutions and ideas. This is reflecting the kind of science
teacher I would like to be because I would like my students to be interactive and
proactive. I am still working toward how I want to go about this. This was challenging to
me because weather and climate is NOT necessarily my strong suit or my favorite so I
struggled to plan it.
February 25. Reflection: Moon Phases Model: “I think it just confused me in general
and made me realize how much I don’t understand about space.”
Lesson plan first draft: February 28. McKenzie’s lesson was prepared for a 35-minute
lesson in a third-grade classroom. Her topic for the lesson was surrounding natural hazards,
specifically how they impact humans and the environment and solutions to reduce their impacts.
In the first draft, McKenzie thoroughly explained in her rationale the definitions of terms she
would be focusing on for the lesson. For the lesson procedure, she planned to begin with asking
the students what they know about natural hazards. After asking students to give examples, she
would then show and discus definitions and ask students to name the natural hazards represented
in pictures. Students would then create a vocabulary flip book with the definitions for five
natural hazards. She would provide the students with the definition for them to write in their flip
books and then ask them to draw a picture on the other side of the paper.
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After completing the book, students ‘turn-and-talk’ to answer the question: “What are
some things you think an engineer builds and designs to help with natural hazards?” After
students share their thoughts, students are presented with slides representing some things
engineers have designed and built to help with the impacts of natural hazards. Students are then
broken into groups, becoming engineers, where they would receive a natural hazard scenario and
be tasked with brainstorming ideas for how to solve the possible impacts. Groups draw their
blueprints and the lesson ends with students completing a “‘3-2-1’ exit ticket naming three
natural hazards they learned about, two ways that engineers help prevent natural hazards, and
one question they still have about natural hazards or about anything we talked about.”
Feedback was given to McKenzie before she submitted her first draft, and from that she
added a specific closure activity with the ‘3-2-1’ exit ticket. After the first draft, feedback
specifically focused on allowing students to talk and share with each other as well as the class,
and questioned if students were able to present their solution blueprints when finished.
March 11. What does it mean to teach in a culturally responsive way? “To KNOW your
students! – their interests, home life, religious beliefs, ethnicity, etc. Teaching in a way that
includes all of these things and letting students have personal input and time to share.”
Resource list: March 25. McKenzie’s resource listed included physical science and life
science resources. The sites she listed use simulations, animations, videos, and virtual labs to
teach science concepts for upper elementary grades.
April 15. Reflection:
Right now I would describe myself as a science teacher who is aspiring to be
creative, innovative, and effective. I am constantly thinking of what my future classroom
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will be like and what we will do. I am building my science Pinterest board full of handson and creative and unique ideas that I want to do.
Student Interview: “Stuck with how to get students to care and give good answers. Stuck
with what questions to ask.”
Question for panel: “How would you say you avoid getting stuck in a school that is so
standardized testing focused or math/reading focused and able to teach science? (integration!!)”
Student interview: April 25. McKenzie works with a local after school tutoring program
and chose to interview one of her eight-grade students for this assignment. She noted that he was
excited to have the opportunity to help her with her schoolwork and is always “interested in what
I am working on for school and loves to ask questions about college.” Based on her relationship
and knowledge of the student’s interests, she chose to focus on a baseball phenomenon to center
the interview. She began by asking him “What determines how far a baseball goes when hit with
a bat?”.
She followed up with a few more probing questions regarding how hard a player hits it,
weather, wind, and where the player places their hands. In a response to the question, the student
mentioned a ‘sweet spot’ which McKenzie decided to probe for further explanation. She asked
him to draw a picture of where that is on a bat. He drew the picture and explained to her why that
was considered the ‘sweet spot.’ She then asked him if the distance the ball travels only has to do
with the batter and the conversation moved to include the pitcher. Finally, she asked him
specifically how the weather impacted this phenomenon. He responded by saying it could affect
it if the wind was blowing the opposite direction so she asked if it could have the opposite effect,
and help carry the ball farther. Here she noted that he seemed a little more unsure of this answer
but that he guessed it could since it could help stop the ball.
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To end the interview, she asked him to draw one picture that showed all the factors that
determine how far a ball will travel. In her reflection, she noted that she tried not to push the
student’s thinking in a certain way, but rather to get him to explain his thinking to her. She felt
successful in this when he discussed energy and said a missed opportunity was when she did not
probe more about the impact of wind on the distance a ball will travel.
Lesson plan rewrite: April 26. McKenzie’s rewrite implemented some things she
learned while teaching the lesson and responses to the feedback given in her first draft.
Specifically, when teaching, McKenzie’s mentor teacher wanted to make sure that she gave each
student a chance to share his or her ideas. McKenzie talked with me about how this was difficult,
because students all had stories they wanted to share regarding this topic and she only had a
certain amount of time for the lesson. She reflected,
The students had so much to share and so much they wanted to comment on relating to
natural hazards which became a bit of a struggle throughout the lesson. The students all
wanted to tell stories about a natural hazard they had heard of, seen, or experienced. This
was fun and I am glad that the students wanted to share their experiences but there was
not enough time in the class for this. This is when it would be helpful to have a classroom
rule of writing down anything the students feel is important to share with me and making
sure to create time in class where the student know he/she will have the opportunity to
share.
We discussed ideas surrounding how to give all students a space to share and feel heard, as well
as work with time constraints. She implemented some of these in her rewrite, providing students
time to write independently before sharing and putting multiple turn and talk and group share
opportunities in the procedure. The only other major change to her original plan was that the
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rewrite did specifically state that student groups would share their blueprint solutions at the end
of the lesson and, if there was extra time or a group finished early, she would have students
construct their ideas.
Reflecting on the lesson after teaching it, McKenzie said she “absolutely loved the results
of this lesson and how it went!”. The conclusion of her reflection focused mostly on the
students’ reactions to the lesson saying,
the students loved becoming engineers and I loved watching and listening to them in this
process. The students came up with so many great ideas that I would have never even
imagined! When I began hearing all the great ideas, I decided I would definitely have to
have the students present each of their ideas to the class which they loved! If I had more
time or days, I would definitely extend this lesson and have the students create models of
their natural disaster solutions. Overall, this lesson went very well and was super
enjoyable!
April 29. What did you think about teaching science before and after this course?
Before: “Before this course, science scared and intimidated me. I didn’t care for science and
tended to think that is was boring. I felt that science was overwhelming and was not interested in
teaching it.” After: “WOW! I feel that my eyes have been opened to the world of science! I can’t
wait to be creative and teach amazing science lessons! Now I find science so interesting and
definitely want to teach it.”
What moments in the course do you feel helped you grow? “Hands-on activities and
experimenting. Questioning – learning how to get students to think.”
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Reflection:
I would change what I brought in to describe me because I feel that science is so
much more than what we make it sometimes. It is more than the experiments – it is
anything the students want it to be. To explain science/a scientist I would show a pic of
my students. I LOVED experiencing class this way! It gave a huge sense of community
within the classroom and helped me feel responsibility and ownership in the classroom.
Science classroom design: April 29. McKenzie created a PowerPoint presentation for
her science classroom design project that included each aspect required in the assignment.
Philosophy of Teaching Science:
Science is so much more than just the facts and a textbook. Science is
discovering, creating, exploring and experimenting. In my classroom, I will teach science
mostly through indirect instruction where students are able to explore research, learn
through guided instruction, and conduct experiments through hands on activities. I will
teach science this way in my classroom so that students are not taught exactly what to
think but how to think about it and are able to make discoveries on their own. Of course, I
will always be there to guide my students and help them in their thinking.
My Science Teaching Currently:
I would consider my current science teaching to be in a developing process. This
semester in this course has helped me to grow tremendously in my science teaching.
Right now, I would describe myself as a science teacher who is aspiring to be creative,
innovative, engaging and effective. I am constantly thinking about what my future
classroom will be like and what we will do. I am constantly building a science teaching
Pinterest board with ideas of how to implement science lessons. I feel as if my current
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science teaching aligns well with my philosophy of teaching science because I am
beginning to teach science in a way that is allowing students to explore research and
think critically about science subjects.
Future Science Teaching:
In my own classroom I will make science more than just a subject for my
students. I want my students to look forward to and enjoy science, seeing science all
around them in their everyday life. As a science teacher, I will constantly be developing
and learning along with my students. I will not be afraid of growth, but embrace it. In
order to become this science teacher that I hope to be, I will find support through my
teacher peers and mentors.

Figure 16. McKenzie’s classroom set up and design
Science Teacher Self Trajectory
Throughout the course, McKenzie’s conceptualizations of what science is and who she is
and wants to be as a science teacher changed as seen in Figures 17 and 18 below.
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Figure 17. McKenzie’s conceptualizations of science throughout the course

Figure 18. McKenzie’s conceptualizations of herself as a science teacher throughout the course
Ronnie
Ronnie is an African-American female, undergraduate elementary education major in her
early fifties. For the first class, Ronnie brought in images of children looking through magnifying
glasses and an image of chemicals to represent science and an image of an old white man in a lab
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coat to represent who science teachers are. Her first thought about science was “mixing up a lot
of formulas.” The question she feels she is most often asked is “Why would you want to teach at
your age?”.
January 14. Questions about science: “What if you are not great in science, could you be
an effective science teacher? Is science about a lot of formulas and more like chemistry? What
are the expectations that we have to meet in this class?”
“Low moment relating to science was when I took intro to biology class. It was one of the
hardest classes I ever had. High moment was when I took a science class and I really enjoyed it.
The teacher was hands-on. We did experiments and I really understood the classwork.”
What kind of science teacher do you want to be?
I would like to be a creative and hands-on teacher. I would like to be just like my
teacher at Southwest. I would have projects for my students to work on. Then we would
go over the purpose and findings of our research.
What do you want out of this class? “to understand different methods and approaches for
teaching in science.”
January 28. How do you remember science in elementary? “It does not relate because I
do not remember science.”
Things I’ve seen in elementary science: “Teachers allow the students to answer
questions. Teacher also allow students space to be creative.”
Reflection: “I am just concerned about my lesson plans and how they will work with my
classroom teacher. I am also concerned about my unit plan how it will all work together.”
February 4. What is science? “Science is discovery”
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How would you describe yourself as a science teacher? “I see myself as an interactive
science teacher. I would incorporate lots of activities.”
What kind of science teacher do you want to be? “A fun and lively science teacher. Not
just remembering facts. Enjoying activities.”
Lesson plan first draft: February 15. Ronnie began planning her lesson early in the
semester. She noted trying to meet the standards while also attempting to do things she thought
the kids would enjoy. Ronnie’s PIM gave her the topic of plants and provided a book that she
wanted her to incorporate. Based on these things, Ronnie’s first draft began with the teacher
asking the students, “What do you know about plants? Have you ever planted a flower or a
garden? Why do you think plants are important? Talk to a partner about the experience and why
plants are important?” After taking student responses, the teacher would then have students read
from the book (given to her by her mentor teacher) and would be called on randomly to read.
Students would then watch a video about the parts of a plant, draw and label a plant on a paper
plate, watch a video on the role of each part of a plant, and complete a worksheet. The closure
for the lesson was listed as being a group activity where students were put in groups and received
flower pots to plant seeds.
Feedback for Ronnie focused first on her stated struggle of trying to meet standards while
also making the lesson fun for students. Suggestions included reordering some of the activities,
relying on students to investigate, and bringing in supplemental books other than a textbook.
Other resources were provided that showed different ways teachers have taught this topic
through student discovery, as student engagement and interest was something Ronnie mentioned
she was trying to include.
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February 18. Lesson Plan Reflection:
It does not reflect the teacher I want to become. I want to work on some changes.
I will edit and refine to make it better for teacher and students.
March 11. Spring Break Science: “I saw science in my special education class at
Millington middle. The teacher went over just some basic science facts on a PowerPoint. I
listened and the students did a work sheet.”
What does culturally relevant/responsive teaching mean to you?
It means taking the question and providing differentiated activities or incorporating parts
of the lesson to specifically address the diverse cultures in the classroom. Lesson has to
be relevant to the classroom and its diversity. Get to know students. Ask them questions
about themselves. Allow them space to respond in classroom. Provide an atmosphere of
inclusion. Do not let your biases rule.
Resource list: March 25. Ronnie’s resource list spanned various discipline areas of
science. She included websites that provide teacher lessons and resources, games, videos as well
as sites for student exploration, noting places that specifically stimulate critical thinking and
allow students to explore possible job opportunities in that area of science. The addition of a site
for students to explore job opportunities and careers in STEM fields was something different
from other resource lists submitted by students.
Lesson Plan Rewrite: March 28. Ronnie kept a similar structure to her lesson plan that
she had in the first draft, while changes made to the ordering of activities, adding more details to
existing activities, and creating a few new learning opportunities for students. She did use the
book provided to her by her mentor teacher, but read through and had supplemental trade books
available for students as well. After asking students what they knew about plants and why plants
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are important, she directed student reading of a chapter in the book, and then had students
complete the activity where they drew and labeled their own flowers on a white paper plate. She
placed vocabulary words on the board before showing students a video about the life cycle of
plants and completing a worksheet. Then, she showed another video depicting the needs of a
plant and provided the students with more vocabulary words to use as they wrote a paragraph
describing the needs of plant and how they are like our needs. Ronnie left in the activity where
students decorated flowerpots and planted seeds as her closure for this lesson.
Student interview: April 12. Ronnie interviewed a 10-year-old student that she knew
outside of school. She interviewed him at his home, with his mother present. She mentioned that
he was relaxed and comfortable with her, because he knew her. To begin, Ronnie showed the
student a video of a tornado and asked, “What do you think is going on in the video? What do
you think caused the tornado?”. After the student’s explanation, Ronnie probed further asking
what he noticed happening in the video. He mentioned wind and water, so Ronnie continued by
asking him where tornadoes occur, and based on his response, if that was the only place. Then,
Ronnie made a connection to our local city by asking what would happen if we had a tornado
here and why he thought that. To end, Ronnie asked the student to give her an explanation of
“what a tornado is and why they occur.”
In her summary, Ronnie noted that she was “surprised by all of the information he
knew,” noting specifically that the student discussed wind, pressure, and clouds as being
involved in tornadoes. She also noted; however, a few components that he did not discuss, such
as cooler and warmer air. She noted a time where she felt she uncovered his thinking when she
asked him more about his response including ‘clouds’ and this got him to discuss debris in
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tornadoes, such as “roofs and trash.” As she continued to reflect on this moment specifically, she
wrote,
If I would not have questioned him the way I did, I would not have tapped into his
knowledge bank. Children are very wise. If we don't ask the right questions, they don’t
have the opportunity to express their beliefs. We have to be strategic in gathering
information from them.
At the end of the interview, the student mentioned to Ronnie that his head hurt from all of the
thinking. She noted this as a missed opportunity, saying she should have let him take a break and
allow him to do fun things, such as a drawing a tornado.
April 15. Reflection: “Today I would say I am a science teacher that is more informed. I
now realize you have to ask questions instead of giving a lot of information. It is more about
exploration than giving out information.”
Student Interview: “I was challenged by the fact that the students had so much
knowledge. It was funny when I listened to some of his answers.”
Questions for interviewing current science teachers: “Were you good at science in school
- was it your favorite subject?”
April 29. What moments in the course do you feel helped you grow? “The experiments
that we did. ALL of the experiments helped me. Each class we did a lot and had fun!”
Reflection:
I would change what I brought because the picture I bought does not reflect what
I feel a science teacher is now. This class was a cooperative learning class. It was fun.
She engaged everyone. We all worked together. It was awesome! Fun, great class
visitors, great talks, great food, laughter, fun.
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Science Classroom Design: April 29. For her final presentation, Ronnie prepared a
PowerPoint as well as a word document to go with her visual representation.
1. My philosophy of teaching science is to make learning fun! It is also to make learning
engaging. I would like cooperative learning, combined with a direct instruction
classroom.
2. Currently I am not knowledgeable and well-informed as a science teacher. I will build
on my knowledge of science and be an engaging science teacher.
3. I hope to be a knowledgeable, well informed engaging science teacher. I will work
hard towards that goal.
4. I will send out newsletters to parents and guardians weekly. I will also have a website
for both the parents and the students. They can log on to check information. Students can
check assignments.
5. My classroom would look nice and be decorated. It will have a pleasant sound and
feel. The students will be a part of the learning process. It will be hands on. I would take
an hour out for science at least 3 times per week. It would not be a science only
classroom. I would have regular furniture for my education classroom. I would have a
section in the classroom for science.
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Figure 19. Ronnie’s philosophy of teaching science PowerPoint slide
Throughout the course, Ronnie’s conceptualizations of what science is and who she is
and wants to be as a science teacher changed as seen in Figures 20 and 21 below.

Figure 20. Ronnie’s conceptualizations of science throughout the course
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Figure 21. Ronnie’s conceptualizations of herself as a science teacher throughout the course
Susan
Susan is a white female, undergraduate elementary education major in her early fifties.
Student mentioned in the first class that she has a son who is an engineer. For the first class,
Susan brought in blank paper to represent science and a fancy magnifying glass to represent who
science teachers are. The blank paper represented science as taking one thing and turning it into
something else, as we made paper airplanes with the blank paper. The magnifying glass
represented science teachers as being teachers who are “always looking and exploring.” Her first
thoughts about science was that it is “creative!”. She “loves science, but always felt
intimidated.”
January 14. What questions do you have about teaching science/science education?
Is science taught as a separate subject or incorporated into other subjects?
Especially with younger grades? What grade does it become a major subject? I have
always loved science. As a teacher how do I instill that love to my students?
High moment: “I recently just got a telescope! I have always wanted one growing up but
never got one. So excited!” Low moments: “I went to a very small Christian school where we
didn’t do experiments, we only read about them. Another low moment – college/anatomy and
physiology – I felt like I was so unprepared!”
What kind of science teacher do I want to become?
I want to become the kind of science teacher that I never had. I had a love for
science as a young girl and lost in during high school. I want to allow my students to
freely participate and be active in the classroom. I will be a creative science teacher.
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What are my expectations for this class? “My goals are for this class are to learn different
techniques that I can implement in my classroom.”
January 28. What do you remember about science when you were in elementary school?
“I remember planting seeds in a plastic container and watching them grow. I was really excited
to see the progress each day!”
What have you seen in elementary schools regarding science instruction since you’ve
been in the teacher education program?
I feel like science is a ‘second thought.’ I was in a kindergarten class and the teacher was
complaining that she had to do an entire semester on ‘weather.’ She did take the students
outside and they really enjoyed it a lot!
Observation reflections:
This classroom is totally different than the classroom I grew up with. We never
went outside. It was strictly teacher driven. In my clinical placements I have seen the
teacher take the students outside to observe the weather, but was really quick and not as
in depth as the video.
Class Reflection:
I have always loved science and participating in this class is making me think of
maybe I might want to teach science. (In the past) I have been intimidated by the thought
of teaching science, but I am beginning to feel more confident in my abilities.
February 4. What is science? “Exploration, ever changing, problem solving”
How do you see yourself as a science teacher now? “Engaging, fun”
What kind of science teacher do you want to be? “One that is always willing to learn and
grow.”
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February 11. Reflection: What if you are not great in science – could you be an effective
science teacher? “I would be prepared and know as much as I can about the subject I am
teaching.”
How were the stations different? The same? “They were different areas of science but all
science techniques.”
How would you answer tough questions that students may have about the material? “I
would be honest, if I did not know the answer, that being said, I will try my best to know all the
material beforehand.”
February 18. Lesson Plan Reflection:
I haven’t completed my lesson plan yet. My goal is to teach something creative
that my students will enjoy and remember. Challenges: trying to understand the standard
abbreviations and what they meant. Your websites helped tremendously. I want to be the
kind of science teacher that I never had.
February 25. Reflection: Moon Phases Model: “I did this activity alone because my
partner was absent. I felt intimidated because I could not remember what celestial body moved
around what (sun, moon, earth) I felt stupid because I should have known.”
Textbook evaluation: February 25. Susan was not in class when we split into groups to
work on the textbook evaluation. She completed this assignment on her own and reviewed a
CK128 third grade online science textbook. Concluding her evaluation, Susan wrote this
summary:
I thought that the CK-12 Third Grade Science online textbook did a good job at
presenting science to the student reader. I liked that each main branch of science had
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CK12 is a free website providing math and science resources, including textbooks.
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subsections under them that went into more detailed topics. I would definitely add more
resources if I were to use this textbook in my own classroom. I think that the textbook is
a good starting point for ideas and information, but is lacking in diversity, world views
and cultural connections.
March 11. Where did you see science over spring break?
(I love this class!) Over spring break we had a water pipe bust in our front yard.
My dad said that two roots had grown around the pipe and busted the coupling off of the
piping. I have a question: my dad filled the holes with dirt and then put sand on top of the
dirt. I thought that the sand would erode away because of all of the rain. The sand is still
there … why didn’t it dissolve into the ground?
When I see the question - What connections will you make to the cultural, personal, and
community aspects of your students: “I used to put the same generic answer when I would write
my lesson plans but I now try to think about the individuality of my students.”
Reflection: What does it mean to you to teach science in a culturally relevant/responsive
way? What questions do you have about culturally responsive pedagogy? “I think to teach in a
culturally relevant way means to simply know your students!! I think that when I am actually in
a classroom I will have questions. It is hard for me to imagine.”
Resource list: March 25. Susan was very excited to complete this assignment and
mentioned that in previous jobs she loved looking for and collecting resources. Susan’s list of
resources covered earth science, physical science, and engineering. For each resource listed, she
gave specific steps for how she could use this resource in a lesson.
Lesson plan first draft: April 11. Susan had a difficult time getting a time and
classroom set to teach a science lesson. Susan’s pre-residency placement was in an exceptional
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education classroom that spanned across multiple grade levels and did not include science
instruction. Due to this, she had to try and find another teacher who would allow her to come into
their classroom and teach a science lesson, which she found challenging. Her mentor teacher
suggested she go into a third-grade classroom to teach, and Susan contacted that teacher to get an
idea of what content they would like her to cover. The topic of clouds was decided on, with the
teacher asking specifically for a ‘cloud in a bottle’ experiment. Susan’s first lesson draft began
with having students complete a Know-Wonder-Learn (KWL) chart about “how clouds are
formed.” Students were instructed to write their responses about what they know and wonder on
post-it notes and add them to a class chart, explaining that they will complete the learn section at
the end of the lesson. After this activity, students watch a video about clouds and listen to the
teacher present a PowerPoint presentation about cloud formations and five types of clouds. Next,
students would complete the activity suggested by the classroom teacher, where they would
create clouds in a bottle using various materials and complete a corresponding worksheet. In the
plan, Susan listed detailed steps for how she would group students and have them complete this
activity. Students would first make predictions conduct the activity and then complete and
observation notes page. The lesson ends with students completing an exit ticket where they
match the types of clouds to pictures and draw their own picture that depicts how clouds form.
Feedback for Susan focused on her listed objectives and the ordering of her activities,
suggesting that having students explore how clouds are formed before presenting the information
could be an interesting way to change up this lesson.
Student interview: April 12. Susan interviewed a nine-year-old, fourth-grade student for
her interview. She conducted the interview at the student’s home, with his mother present,
suggesting that she has a prior relationship with this student and his family. She noted that he
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seemed nervous at first but relaxed as the interview went on. She chose a phenomenon for her
interview from the Phenomena for NGSS website, using a picture of lightning striking the Statue
of Liberty with her focus question being, “What causes lightning to strike certain objects?”
She began by assuring the student it was okay if he didn’t know how to answer her
questions and that she was just interested in how he thinks. After this conversation, she showed
him the picture and asked what he thought was going on in the picture. After his response, she
continued with probing through asking things such as “tell me more” and “why do you think
that?”. When the student brought up weather, she decided to ask a couple of weather focused
questions, continuing the same probing questions after his responses. His final response noted
that “when a storm comes, lightning hits trees,” to which she showed him the picture again and
he responded that “lightning can hit metal, too.”
Reflecting on the interview, Susan noted some places that she did not hear the student
discussing, such as if all storms produce lightning and the idea of isolated objects being struck by
lightning, as she said the student claimed objects closer to storm clouds, like trees, were the ones
that got hit. When discussing what she would do differently, Susan reframed her question to be
“What do you think is causing this” and mentioned she would include a video to go with the
picture. Summarizing the experience, Susan stated,
I believe that I should have used purposeful direct questioning to better lead the student. I
did make sure to use questions such as “Tell me more” to encourage the student to
visualize his thinking about the subject. The one moment that I felt like I uncovered the
student’s thinking is when I asked him if lightning only hits things that are metal. The
student quickly responded with, “No, lightning can hit trees too.” Looking back, the
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moment that I felt that I missed the opportunity to uncover the student’s thinking is when
the student started talking about lightning and the weather.
April 15. Reflection: If someone asked you to describe yourself as a science teacher
today, how would you respond?
They would say that I am thorough, prepared, inquisitive, questioning and fun. I am still
learning and that is something that I am realizing. I feel like the more I teach, the more I
see things that I want to do, as well as things I do not want to do.
Student interview: “Challenges – it was difficult not to use scientific language. It was difficult
trying to direct the student in a different direction.”
April 29. What did you think about teaching science before and after this course?
“Before the course, I thought that I knew everything there was to teaching science. And that it
was easy. Now I realize that there are so many aspects to teaching science that I wasn’t aware
of.”
What moments in the course do you feel helped you grow? “The moment I did not know
how the earth orbited around the sun. I felt defeated, but I did not let that stop me! I’m saying
NO to NO! I can be a science teacher!”
Reflection: Would you change what you brought and why?
I would not change what I brought the 1st day of class. I brought in a magnifying
glass and I, as a teacher want to always be learning and exploring. I want the same for my
students. I also brought in blank sheets of paper for my students to create paper airplanes.
I want my students to know that they can take something and create something
extraordinary! They can create science! They can be scientists!
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What do I want people to know about this class? “I loved having choices and did not feel
intimidated or afraid to participate.”
Questions about teaching science now: “Will I be able to teach science the way I want to
or will there be restrictions?”
Science Classroom Design: April 29. Susan created a PowerPoint for her final project.
In her presentation, she used a lot of various quotes and images.
Philosophy of Teaching Science:
“Give the pupils something to do, not something to learn; and the doing is of such
a nature as to demand thinking; learning naturally results.”-John Dewey
I believe that science should be ‘hands on’. I think that children, especially younger ones,
learn science best and understand scientific ideas better if they are able to investigate and
experiment. I believe that hands-on science can help my students think critically and gain
confidence in their own ability to solve problems. I believe that teachers should be
positive. I believe that negative energy zaps creativity and it makes a nice breeding
ground for fear of failure. Good teachers have an upbeat mood, a sense of vitality and
energy, and see past momentary setbacks to the end goal. I believe that positivity breeds
creativity. “Think like a proton. Always positive.” I believe that successful teachers adapt
to student needs. I might have to change up my plans or my schedule to accommodate my
students.
How do I currently see myself as a science teacher? “I am …. Still growing; Still changing; Still
learning. Say no to no.” Susan explained these responses by describing that she is still learning
and becoming as a science teacher and in this, she is saying no to the idea that she cannot do it,
meaning that she feels she can be a science teacher.
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What kind of science teacher do you hope to be when you are in your own classroom?
Susan created a word cloud image to show her ideas answering this question as shown in Figure
22 below.

Figure 22. Susan’s future science teacher word cloud
Science Teacher Self Trajectory
Throughout the course, Susan’s conceptualizations of what science is and who she is and
wants to be as a science teacher changed as seen in Figures 23 and 24 below.

Figure 23. Susan’s conceptualizations of science throughout the course
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Figure 24. Susan’s conceptualizations of herself as a science teacher throughout the course
Lesson plan rewrite: May 1. For the lesson plan rewrite, Susan reordered the
procedures. Keeping the KWL chart and video at the beginning, students then completed the
clouds in a jar activity, making predictions before and completing an observation note sheet
after. When students had completed the experiment, they would then listen to the teacher present
a slideshow about how clouds form and five different types of clouds. The lesson concluded with
students completing a cloud matching activity, where they match pictures of clouds to the correct
name and draw their own picture of how clouds form. Adding an exit ticket as a closing activity,
Susan had the students write down three take-aways from the lesson.
Our Journey: Let’s root for each other and grow
While each story has been shown individually, we did not take this class in a silo, rather,
we took this class collectively. While each of us kept our own personal journals and students
completed individual assignments, our class was set up where we sat together – either in pairs,
groups, or one circle. We had a table of snacks at each class and spent the first 10 minutes of
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each class sharing celebrations from the week before. Our stories collided together in this space
for three hours every Monday night.
Questions, Expectations, and Assignments
As previously mentioned, each student kept a personal journal, but only shared certain pieces
of it with the whole class. There was no expectation or requirement to share any, as it was up to
each student what pieces to share out loud to the class. However, the pieces shared with the class
were the components that drove our syllabus creation. The questions shared collectively as the
questions to focus our class on were:
1. What grade does science become its own subject? (What all does science entail in the
lower grades?)
2. What if you are not great in science - could you be an effective science teacher?
3. What are some of the best ways to integrate science into the curriculum?
4. What are some ways to break down difficult material into manageable chunks/pieces?
5. How would you answer tough questions that your students may have about the material?
6. What are the must have tools and resources for teaching science?
7. How can we be creative with scripted lessons?
8. Making lessons culturally relevant?? (Lesson plan prompt) Is this more difficult in
science? (Different places of the world/comparisons) (Global science? How are things
different in other places?)
These questions were shared by various students aloud in our first class meeting and are
presented above exactly as they were typed in our PowerPoint. Students were able to correct or
specify meaning of questions as the questions were typed into PowerPoint and shown on the
screen at the front of the classroom. These questions do not represent all questions that students
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had regarding science education, but were the only questions shared out loud and therefore, the
questions that guided the syllabus development. After sharing questions, students had time to
reflect individually about goals and expectations for the course and were then asked to share any
of these out loud that they wished. The goals and expectations that were shared were:
1. How to teach science with limited resources.
2. How to communicate with administration and parents in a way that allows you to
advocate for science and the resources you may need.
3. How to engage students in science that are not really interested.
4. Specific methods for actually teaching – different categories/concepts of science
(physical, earth, life, etc.).
5. Different approaches for teaching science.
6. Navigating teaching and talking about controversial topics.
Similarly, these goals and expectations as shown above were taken directly from the
PowerPoint presentation from our first class. Once students had shared their questions, goals and
expectations, I prompted them to think about what kinds of assignments or experiences they need
from this class. When thinking of assignments and experiences, I mentioned to students there
were two assignments that were required in this course by the department and could not be
changed. Those two assignments were teaching a science lesson in their elementary placement,
which included a first and final draft lesson plan, and a multiple-choice content test. After
discussing more about these assignments, students shared their ideas for what kinds of things
they wanted to do in the class. These ideas shared were:
1. Group unit curriculum planning (5 lessons – highly supported in class; prevent
overexertion; not just the same as what they did in social studies – expand on that)
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2. See how I taught (How I changed – what happened?)
3. Taking a standard & discussing what can be done with it (if it seems factual/not
interesting – how do you make it interesting?)
4. Science resources (for certain topic)
5. Would like to see a science lesson taught in a classroom (even if it’s just a video – not
getting to see this in some placements)
The group unit planning assignment idea led to a lot of class discussion, as some had a good
experience with this in their previous class, and some did not. However, they finally decided it
would be a good activity and I made sure to note that I would focus on it being divided up fairly
and I would allow class time for work on the project when needed.
Syllabus
The skeleton for the syllabus was created by the professor of record, meaning that the
objectives, standards, required assignments, and university policy were all pieces in place that we
did not (and did not have permission to) change. With that being said, after the first class, I took
students’ shared questions, expectations, and assignment ideas and created tables organizing the
information based on my interpretations. Where these areas overlapped, I gave a topic and broke
them up to span our 16-week course (See Appendix E). When there were places with no
assignment, I added in assignments that I thought would be beneficial for students based on what
they shared. When I felt the syllabus was complete, meaning I had covered all questions, topics,
and assignments shared by the students, I emailed the draft back to the students and asked them
to review before our next class meeting. In our second meeting, we began by discussing the
proposed syllabus. Students did not have any suggestions to make to the syllabus, but I reiterated
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the fact that they could bring concerns up at any time if they felt the class was not meeting their
needs.
Group Assignments
We had two group assignments during this course. The first was an in-class group
assignment where students evaluated elementary science curriculum that they selected. The
second group assignment was an out of class science unit design assignment, as suggested by
students at the beginning of the semester.
Textbook Evaluations. Students chose their groups for this assignment. On this day,
Susan was absent so the groups were uneven in numbers. Ally and Lauren worked as a group,
reviewing CK12 curriculum and Anna, McKenzie, and Ronnie worked together reviewing
curriculum McKenzie brought from her pre-residency placement.
Ally and Lauren. Ally and Lauren chose to evaluate the CK12 first grade science
curriculum. This was both of their first time looking through this curriculum. Summarizing the
text and if the book does a good job presenting science, they said:
For its grade level, yes. Especially if you are in a school that doesn’t get to include
science in its curriculum much; it is pretty much reading without activities so it is lacking
with its hands-on material. The content would definitely be a good guiding factor for a
lesson. If we were teaching from this particular text, we would add video links, games
and activities, and include more discussion. We would want to avoid reading the text
straight through because it would not be beneficial to students’ learning. Instead, read it
with pauses to prompt discussion. For parts of the text, it is easy to still teach how we
want to because it is very open to the possibilities and resources and activities. Some of
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the standards that are addressed could be presented in a better way that would be more
engaging if we taught them in an alternative way than reading the textbook.
Anna, McKenzie, and Ronnie. This group reviewed a book brought in by McKenzie from
her placement, McGraw Hill Education Inspire Science - Science Handbook for third grade.
They were all very excited about this handbook, saying that it looked different than traditional
textbooks. In their summary, they stated:
This book does a good job of presenting science because it shows that science is used by
everyone no matter their culture, gender or nationality. The book makes science more
accessible and enjoyable for students. One thing the book could do a better job of is
presenting ideas and methods for different ways people do science in other parts of the
world. Our world is an increasingly global society and science is a global matter so we
believe that we should be preparing our students for this fact. We could see using the
book and teaching how we wanted but it would not be the sole reliance of our lessons and
curriculum.
Unit Plans. When discussing the assignments that they would like to complete in this
course, students presented the idea of creating a science unit, referencing a similar assignment
they had completed in their social studies methods course. This activity would be conducted in a
group, as to allow them to experience collaborative planning and split the amount of work for a
seemingly large task. Trying not to prescribe a certain way to plan or teach, I provided students
with five options for a unit-planning template. The options given were based on resources I had
used in planning science units, as well as resources given to me by other science education
instructors. The plans suggested focus on teaching with the current NGSS standards framework
and support student-driven instruction. We reviewed the templates in class, discussing the kind
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of science teaching and learning they best supported, and groups had two weeks to decide which
template they wanted to use. The five template options they had were: Ambitious Science
Teaching, Backward Design 5E, Model Based Inquiry, Project Based Learning, or NGSS9
Storyline. Each of these templates include some similar aspects, but go about planning and
connecting lessons in different ways. Students chose their own groups for this assignment.
A month before the unit plan was due, students, specifically Lauren with the visible
encouragement of Ally, brought up a concern to me about the amount of time they had to
complete this assignment. Originally, we had decided this assignment would be completed in
pairs but during this conversation, decided it would be best for the assignment to be completed in
groups of three. We discussed again the specific requirements and expectations for this project,
and I made sure to ask and verify that these expectations met what they had initially intended
when suggesting this assignment. They agreed that it was still a beneficial assignment and they
wanted to complete it, so after changing it to a small group activity rather than a pair activity,
they stated that they felt better and thought they would be able to complete the assignment as
described in the syllabus. This was the first time students brought up a concern and requested a
change in the syllabus. Unit plans were due two weeks before the end of the semester, allowing
students to draw from their learning throughout the semester.
The group unit plans offered a way for students to participate in co-planning. The lesson
structures could be more open than their individual lesson plans, as the constraints of someone
else’s classroom were removed. This shows how students’ thinking of teaching science differed
when considering constraints such as time, resources, and mentor teacher expectations.

9

NGSS stands for the Next Generation Science Standards which are the nationally created science standards in the
United States; however, they have not been adopted by all states.
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Ally, Lauren, and Ronnie. Ally, Lauren, and Ronnie decided to use the backward design
5E template to plan their unit. Within this set up, each ‘E’ represents a different lesson,
culminating in an evaluative task. They chose to plan their unit on a third-grade earth science
standard centered on natural hazards and their impact on humans and then environment.
Beginning with a KWL chart, the engage lesson began with students writing what they know and
wonder about natural disasters. Students would then watch a video before the teacher would
conduct demonstrations representing the five natural hazards mentioned in the standard. The
students conducted research throughout the unit and the unit ended as students
designed a poster board that describes their solution to their selected natural disaster. The
students can use the models the teacher used during lesson one. If needed, they can test
out their theories by using the models before creating their poster.
Anna, McKenzie, and Susan. Anna, McKenzie, and Susan began brainstorming with the
idea of using the Ambitious Science Teaching template. This template focuses specifically on an
anchoring phenomenon and guides students in learning through models. The first phenomenon
they thought about using was around the idea that humans cannot breathe under water, but fish
can. They were very inquisitive for purposes of their own understanding as to why this is, and
looked up websites and videos to explore this concept. However, after a week of planning, they
changed their mind on this template and decided to use the backward design 5E instead. Still
focusing on a phenomenon, this unit began with showing students a video of a slinky being
dropped. What is interesting, is that in slow motion, the slinky does not fall at once, but the top
meets in the middle, and then the slinky falls to the ground. They called this ‘anti-gravity’ slinky
and used this video as the start to their unit.
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Their unit was created for a fifth-grade classroom, and focused on the physical science
standard about an object’s motion. The unit had five parts, beginning with engagement. For the
engage lesson, students would view a video of the anti-gravity slinky and create an individual
model that explained what they thought was happening. The first session ended with students
completing a KWL chart about the phenomenon. This KWL chart led into the next lesson,
explore, where students would take what they wanted to know and in small groups, conduct
research about their questions. After conducting their own research, students would complete
four different stations, where they test out what happens when dropping different slinkys
(different weight, sizes, shapes, and damaged/irregular). After conducting various investigations
and continuing to research, students would create videos explaining the phenomenon. The
teacher and students will compare the explanation of the patterns they observed in the “Slinky
Drop Answer” video verses the explanation of the patterns given by the students in their videos.
Class Journeys Timeline
In the first class, we each wrote down our high and low moments in science on a neoncolored notecard. (It is important to note that we could choose whatever color card we wanted,
with no tie to what was written on the card and a certain color mentioned.) I then presented
students with the idea of our class journeys timeline and how we would be adding to this blank
sheet periodically throughout the course. I showed them the safety pins that would hold our cards
on the sheet but allow us to change and rearrange our ideas as needed. Then, each student shared
as they wanted about their high and low moments in science. We noticed that only one person
had mentioned anything regarding science from before middle school and that most of us
specifically focused on in school experiences.
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Susan was the one student who did mention science before middle school, in a positive
way, and also mentioned science outside of school. Negative experiences varied, but were all
related to school in some way. In this conversation, we came back to the object each student had
brought in to represent science and science teachers and discussed how, being female, our
experiences in science may reflect that. After discussing these experiences, I asked students how
they thought we should place them on our timeline. They decided to order all of the events
chronologically and create ‘waves’ placing the high moment wave at the top and the low
moment wave at the bottom, as shown in Figure 25 below.

Figure 25. First class journeys timeline arrangement: Waves of high and low moments
The next class, I asked students to specifically think about their experiences with science
in elementary school, since that had been a time period overlooked in our first timeline. To help
this thinking, I asked students to think of a high and low moment from elementary (if possible)
and to also think about what they have seen in elementary schools since being in the teacher
education program. After adding these experiences, students decided to change the format of the
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‘waves’ timeline into individual circles. On this new timeline, each person had her own circle
with her high and low moments in science. The timeline would remain in this format, adding
new notecards with new responses to our individual circles, until the last class.
At the very end of the last class, we went back to look at our class journeys timeline.
Each person still had her own ‘circle’ of experiences and thoughts. They each started by trying to
identify their circle and all of their notecards. I asked the students how they thought we could
best show our class through this timeline, and reminded them that it did not have to look like an
actual timeline. It was quiet for a while and so I brought up something I had noticed in their
classroom design presentations. In each presentation, they mentioned this idea of still becoming,
still learning, still growing, still developing, etc. Along with this idea, Lauren had even made up
a quote specifically for our class, signifying her focus on our class community supporting each
other. On her flower that she made representing herself as a teacher, she wrote on the stem,
“Let’s root for each other and grow.” Taking this idea of ‘–ing’ (becoming, learning, growing) I
asked them if that could be some way to represent their journeys, since it was something they
had all mentioned. They immediately said yes and the conversation began to flow.
“What if we…”
Me: “Used the idea of growing?”
Student: “Like a flower?”
Me: “One flower or different flowers?”
Student: “What if the petals were our classwork?”
Student: “What if we made a tree and used the leaves to show our experiences?”
Student: “What if we had a lot of flowers or trees?”
Student: “The roots could be our past experiences.”
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Student: “And had a sun and rain drops being what helped us grow?”
Comments like these continued, with no real sign of a decision, and McKenzie got her notebook
to begin drawing an idea she had. After my first two comments, I stepped back and listened.
Students continued to throw ideas around such as how to divide our experience note cards.
Should the flower grow chronologically? Should negative experiences be the root and positive
experiences the stem? What about the experiences from class – are they rain drops? Or are they
part of the flower? Or maybe the sun?
By this point it was getting close to the end of class time, and as McKenzie was drawing
her idea, it was as if a light bulb went off for her. She said to the class, “It doesn’t matter. We
can’t separate these by parts. Our past experiences – positive and negative – are important. It’s
all connected. And all of our experiences are connected because we are in this class together.”
The final agreement: Let’s just separate the cards by color - it doesn’t matter what they say. The
students then took all of the cards off and began sorting them by color. McKenzie had drawn and
example idea in her notebook, and students agreed upon it. They began working on creating a
flower, deciding the roots would be the yellow cards; the stem would be green cards; petals
would be pink cards; and the center of the flower would be the orange cards.
During this, McKenzie decided to draw roots to show more detail of this area of the
flower, and someone came up with the idea of placing each of their names on a root signifying
their connection not only to the experiences, but to each other. At the end of class, I took a
picture of the class journeys flower (shown in Figure 26). However, students asked if I could still
add on pieces of their work to the flower, saying that it wasn’t complete with just their notecards,
but they also wanted the experiences from this class shown on the timeline. I told them I would
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print off pictures from class, as well as their work, and send them some ideas for how to add
them to the flower.

Figure 26. Class journeys timeline flower completed in last class
I designed two different ideas for how to add student work to the flower. The first option
had pictures from class surrounding the flower’s outline, with student work being displayed
around the edges of the sheet. Student work included student’s final classroom design
presentations, journal entries, questions, data charts, and various materials they had made in class
(maple seed mail carriers, moon phases model, puddle diagram). I emailed both pictures to the
students and had more vote for the design with the pictures around the flower, so that is what I
went with for our final representation shown in Figure 27 below.
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Figure 27. Final class journeys timeline representation
Anonymous Course Evaluation Comments
At the end of the course, evaluations were solicited from the university. Comments on the
evaluation show as anonymous, but represent students’ discussion of their overall feelings about
the course. Three comments gave specific insight and information regarding the course and the
experience as a student.
Comment one:
Going into this course I was skeptical. But once I met the instructor and knew she was
willing to work with us on assignment deadlines and the overall course-load, it became
my favorite class. (…) I am honestly upset to have this class come to an end.
Comment two:

140

I love and appreciate that the course instructor allowed us to choose what we
needed instruction on in the course. The class was able to create the course essentially,
based on our needs. I felt valued not only a student but as an adult as well. Many
instructors base courses around what they feel is necessary for our education. But being
able to take ownership for my learning and make decisions as a student in the course was
incredibly beneficial. The course was flexible, engaging, supportive, and all around an
extremely positive experience. Without this course I would not feel as confident in my
abilities to teach science.
Comment three:
This was one of my favorite courses that I have taken. (…) I enjoyed our guest
speakers and contributions to the class as well. Rachel was very responsive to emails and
provided excellent feedback throughout the semester. She even helped answer some of
my questions regarding the content of other courses and provided addition resources in
order to help me better understand the material given. I felt the assignments given were
purposeful and beneficial to me as a future educator.
Exploring Our Data
The trajectories and our class journeys map served as pieces of our analysis and
representation as we explored our journeys in this course. Our co-created research questions
were thought through upon the creation and completion of each trajectory vignette as well as
alongside our class journeys map creation and final iteration. Throughout the analysis, each
trajectory was mapped on to each other as well as to and with our class journeys map, as identify
middles and shoots when revisiting our research questions. The responses to the research
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questions as discussed below represent the analysis from one form of mapping, noting that these
connections will continue to change and shift. The final research questions agreed upon were:
1. How does co-creation of a course support and challenge us as science teachers?
2. What is science and who are science teachers?
3. Does co-creation of a science methods course create space for our views of teaching
science?
How did the co-creation of a course support and challenge us as science teachers?
Using PAR to co-create our methods course provided a space for students to decide what was
important for them to learn and do as opposed to what I, the instructor, decided was important.
As the instructor, using this methodology as a pedagogy forced me to constantly reflect on and
center my students’ questions and expectations.
Students drove the course content. The questions asked by students about teaching
science that led the syllabus creation focused on topics such as resources, curriculum, content,
and pedagogy. One question that stood out due to difference was Ronnie’s question, which tied
science teaching to belief of her abilities by asking, “What if you are not good in science, could
you be an effective science teacher?”. Not only did Ronnie write this question in her journal, but
she also shared it out loud with the class. While this question was one shared, and therefore was
a piece of our syllabus and course content, it was not as if the question gained an easy answer by
even the student who asked. Ronnie’s ideas about teaching science shifted back and forth
throughout the class, with this question coming up again in a similar way at the end of the course
to a panel of current elementary science teachers. She asked, “Were you good at science in
school - was it your favorite subject?”. The concept of being ‘good at’ science was vocally
expressed by Ronnie at multiple times throughout the course. At the beginning of the course, she
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defined science as “formulas” and a month later as “discovery.” She described herself as a
science teacher who would use fun and exciting lessons mid-semester, and then as someone who
is not knowledgeable and well informed as a science teacher but will continue to build off her
knowledge. These shifts speak to the non-linearity and constant tensions between experiences
and reflections in becoming a science teacher. Specifically, within our course that was structured
around co-creation, Ronnie’s question was centered, revisited at multiple points, and responded
to by all students in their own ways.
Allowing the students to write and share their questions about teaching science before
creating a syllabus supported their ideas, wonderings, and science teacher identities in that they
asked and shared what they wanted, based on their experiences. While some of these questions
may have been covered in a traditional classroom structure, allowing students to create the
driving questions for the class focused my attention as an instructor back to their needs. Each
question asked represented a different understanding of science and science teaching based on
the different experiences of each student. As Avraamidou (2018) points out, lived experiences of
students impact how they see themselves as science teachers. Thinking through this with a
poststructural framework, who each individual is as a science teacher is tied to their unique
perspective, associating science teacher identity with difference rather than similarity (Jackson,
2001). For example, even when addressing a similar topic, students asked different questions.
Students wanted to know:
“What would you consider the best way to teach science? Direct? Indirect?”
“How interactive should you make science lessons? (experiments, activities, models,
etc.)”
“What are some ways to break down difficult material into manageable chunks/pieces.”
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“How can we be creative with scripted lessons?”
These questions all relate to the ‘how’ or the pedagogy of teaching science. However,
despite the common thread in these questions, they were still asked differently and by different
students. There was a sense of agreement needed though, as students were sharing questions that
would be a part of the whole class. When questions were shared, there was not an instance where
someone disagreed with a posed question, but each question shared was added to our class list
without conflict. This collaboration of questions supported diverse thinking of science teaching
and created a community of learners.
Each question asked allowed students to have a space to reflect on their own ideas of
science teaching, based on their experiences. The questions and the ways in which they were
asked speak to the different subjectivities in one classroom. Even in a space where all were
working toward the same goal of teacher certification, ideas around how to teach and who we are
as teachers, depended upon the individual. In a space where the traditional student-teacher
relationship was disrupted, the subject position of ‘student’ was renegotiated and participants
were given a chance to share their questions and needs in the class.
Gave space for individual reflection based on individual perceptions. At the end of the
course, students reflected on what they thought about teaching science before and after this
course. These responses show how their thinking about themselves as science teachers changed
throughout the duration of the course (whether it be in the course or outside of it). Each student
communicated different ideas about what they thought regarding science teaching and, after
taking the same course, came away with different ideas of what they think about science teaching
now. This concept ties in with the previous response in that these changes often represented
tensions and (un)answers when thinking about who we are as science teachers. As Jackson
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(2001) said when discussing a poststructural view of subjectivity, the self is “a site of disunity
and conflict that is always in process and constructed within power relations” (p. 386).
Throughout the course, it was evident from reflections, class conversations, and coursework that
we were all constantly in process of discovering what it meant for each of us to be science
teachers.
For example, this conflict and process can be further seen in students’ reflections of what
they thought about science teaching before and after this course. This reflection prompt came at
the end of the course, and asked students to think back about what they thought about science
teaching before taking this course. Ally stated she was “hesitant that I would take anything
away” before the class and after that she felt “extremely prepared to teach my own science
class.” Anna said that before the class she “pictured science as being something taught very
directly and structured” and after she “now knows that science can be a way for students to learn
to think critically and explore their curiosities – ‘WHY?’”.
According to McKenzie, “Before this course, science scared and intimidated me. I didn’t
care for science and tended to think that is was boring. I felt that science was overwhelming and
was not interested in teaching it.” But after the course, “WOW! I feel that my eyes have been
opened to the world of science! I can’t wait to be creative and teach amazing science lessons!
Now I find science so interesting and definitely want to teach it.” Susan reflected on her thinking
before and after the course by saying that “Before the course, I thought that I knew everything
there was to teaching science. And that it was easy. Now I realize that there are so many aspects
to teaching science that I wasn’t aware of.” Lauren summarized her before and after experience
saying,
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I was excited to learn about how to teach science. It seemed fun and not so challenging.
Now I see there is a lot of depth within each concept. With careful planning and
consideration, there are ways to ensure the concepts are approached and understood. I am
still excited about teaching science but just realize it has a lot more to it than I first
expected.
The difference between Ally’s after response of feeling extremely prepared for her own
classroom and Lauren’s response of now realizing there is more to teaching science than she was
aware of, show that this class not only supported but challenged ideas of teaching science. This is
not to say that students’ thinking about science teaching before and after the course does not
change in a traditional set up, as we know it does (Avraamidou, 2014; Mensah, 2016), however it
points out the different places each student came from, and the different conceptualizations of
science after a course in which they co-created. These before and after responses also differ from
students’ responses on the first day about their thoughts and ideas on teaching science, which
reiterates Jackson’s (2001) notion, as mentioned above, that the self “is a site of disunity and
conflict that is always in process” (p.386). Co-creation embraces the disunity and acknowledges
the process, specifically allowing us to acknowledge and notice that this process is not linear.
Let us struggle in what it means to become a science teacher. While the co-creation
process supported students, as Ally said when leaving the first class “We’d much rather a teacher
ask us what we want to do than just tell us,” it was not without challenges. This course is a
requirement in the teacher education program meaning there were certain standards in place and
two assignments that could not be changed. In other words, there were still prescribed ways of
becoming elementary science teachers that we had to work with. As the instructor, I was
challenged to provide various resources, content, and ideas for all questions, expectations, and
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goals of my students. I was, of course, limited by my own experiences, knowledge, and access to
resources for different ways of teaching science. I found it a constant struggle between talking
too much about my ideas of teaching science and leaving discussions open so that students could
have a space to discuss what science teaching means to them. This was and is impossible, but I
reflected on this process after each class and kept their questions and expectations posted at the
front of the room as a constant reminder for me.
In our second class, Susan told a story and then stopped, asking, “Wait, is everyone a
scientist?”. When studying puddles, Ronnie approached me and asked, “How did you learn to
teach like that? It makes it so fun.” Lauren, thinking about how she viewed science teaching
before and after, pointed out that she now was aware of so much that goes in to teaching science.
These changes, shifts, and struggles we experienced were not negative but were openly discussed
and at times, not answered, knowing that each of us is still coming to understand what being a
science teacher means, myself included. The set-up of the course supported and even encouraged
this constant questioning, changing, and struggle.
When creating a syllabus in a traditional class, the instructor decides (using standards and
department requirements, of course) what topics get covered and in what ways. The co-creation
of our course supported students in expressing their needs based on their experiences and
understandings of what it means to teach science. Likewise, the co-creation of this course
challenged us to think and rethink about what science teaching is, drawing from different
perspectives, experiences, expectations, and questions of each person in the class.
What is science and who are science teachers? These questions began our class, as
students were asked to bring in objects that represent their responses. The responses were various
but each discussed connections to what they brought in based on their personal experiences.
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After everyone shared I made it a point to bring up the underrepresentation of women and people
of color in science careers and asked students to think about if they felt that may have something
to do with how they viewed science. No one responded in that moment. This was a concept I
continued to push on throughout the course, asking students to constantly why we view science,
and scientists, in certain ways.
In-school vs out of school. While conceptualizations of science were tied to experiences,
they were closely tied to school in initial responses. This connection is common among
elementary science teacher identity research, and most often elementary teachers recall negative
experiences with school science (Avraamidou, 2014). In our first class, students were prompted
to reflect on a high and low moment in science, with no more instruction than that (Birmingham,
et al., 2017). Five of the six students discussed experiences from middle school through college
with none specifically mentioning elementary school until asked in a later class. Susan, who
broke this mold, shared her high moments as being outside as a young girl playing in the dirt and
recently purchasing a telescope to use at home, something she had always wanted. However, her
low moment was focused on an in-school experience, specifically in that she attended a small
private, Christian school and did not have many opportunities to participate in science
experiments. Acknowledging these moments as we pinned experiences on to our timeline gave
us a place to question why it is that we see science the ways we do.
Throughout the course, I asked students to reflect on the questions we discussed at the
beginning of the semester. Each area of conceptualization: what science is, who science teachers
are, and self as a science teacher changed. Science became something more ambiguous and with
that, sense of themselves as science teachers shifted as well. Ally started the semester saying
science was “highlighting important facts” and was “abstract facts yet difficult.” When asked the
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same question a month in to class, she responded by saying “it has no definite meaning.” In the
ambiguity of science, as being more than school and facts, it was as if new possibilities for
science teaching became evident. In other words, if science isn’t what I thought it was, what does
that mean for me as a science teacher?
Everything and everyone? Even with concepts of what science is and who science
teachers are changing and shifting throughout the course, some said they would still bring in the
same items that they had brought in for the first class. Susan said,
I would not change what I brought the first day of class. I brought in a magnifying glass
and I, as a teacher want to always be learning and exploring. I want the same for my
students. I also bought in blank sheets of paper for my students to create paper airplanes.
I want my students to know that they can take something and create something
extraordinary! They can create science! They can be scientists!
Lauren stated, “No, I wouldn’t bring in different items. The turtle represented a teacher that
made an impact. The baking soda and vinegar represent hands on learning and experience.”
Anna was in between about her items, stating that she would not bring in different objects, but
would talk about them differently.
However, the other half of the class did say they would change what they brought in, with
two specifically focusing on being more inclusive of their current thinking about science and
who scientists are. Ally said, “I honestly don’t remember what I brought in so I would probably
change them but I don’t know what to.”. Ronnie reflected, “I would change what I brought
because the picture I bought does not reflect what I feel a science teacher is now.” McKenzie
said,
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I would change what I brought in to describe me because I feel that science is so much
more than what we make it sometimes. It is more than the experiments – it is anything the
students want it to be. To explain science/a scientist I would show a pic of my students.
There was no final consensus on what science is or who science teachers are, but each
conceptualized these in their own ways. Throughout the course reflections, each students’
thinking shifted back and forth, as to say that these ideas are not concrete, but will continue to
change and change again as experiences and reflections continue.
Does the co-creation of a science methods course create space for our views of
ourselves teaching science? Co-creating the course, as has been discussed, provided multiple
opportunities for students to renegotiate their positions as students, who are traditionally given a
syllabus with intended goals and objectives, and allowed them to reflect on their own
experiences and questions related to teaching science. This (un)structure centered their ideas,
concerns, and expectations as opposed to mine as the instructor. It provided space to question,
learn, and try things differently.
Future Science Teacher Selves. Beginning the course, my assumption was that by
allowing them to create the course, they would be able to see themselves as science teachers.
However, this came to be a point of stuckness – of not currently ‘being’ a science teacher due to
their position as students while simultaneously acting as pre-service teachers, who hope to one
day ‘be’ a teacher. Each could give an answer of how they currently saw themselves as science
teachers, but most ended with a concept of – but I am not yet. These shifts and tensions were
occurring while they were also rethinking about what science is, furthering the questioning of
themselves as science teachers. Despite this stuckness, each could describe the kind of science
teacher they want to be.
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Throughout our final class presentations, there was a consistent acknowledgement from
each student regarding what kind of science teacher they want to become. This course allowed
them to think about how they want to teach science, however, they were still focused on multiple
aspects of their subjectivities as students in their pre-residency phase of teacher education. This
lead to a divide for most students: the kinds of science teachers we are versus the kinds of
science teachers we want to be. Most students had difficulty discussing kinds of science teachers
they are currently. Not in that they could not come up with responses, but their responses
included an aspect of incompleteness, of still becoming, still learning, still developing, still, still,
still. However, when discussing the kind of science teachers they want to be, listed multiple,
specific aspects and things they envisioned.
While each student presented a very different view of herself as a science teacher,
showing the ties to personal experiences and reflections to conceptualizations, the comments
focusing on ‘This was difficult for me’; ‘I’m not sure about this’; “Here’s what I think, but” to
introduce the current science teacher section caught my attention. Was this an issue with the
ways in which I framed questions? Or, could it be something else? How does this speak to ways
in which we expect pre-service teachers to become teachers? Subjectivity is an “ongoing process
of ‘becoming’ – rather than merely ‘being’ – in the world” (Jackson & Mazzei, 2012, p. 53).
These ideas, being vs. becoming, can be discussed in how students were experiencing the
conversation of themselves as science teachers. Their responses support the idea that being a
teacher is not actually so, rather, it is a constant process of becoming.
The assumed linearity progression of becoming a teacher is not an area new to
poststructural research. Jackson (2001) specifically discussed this struggle when exploring “the
making of a teacher” and concluded by saying,
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When we see how certain structures and discourses get produced and regulated (and
others silenced), then we might contest them, reconfigure them, and make space for new
ways of learning to teach that reward difference rather than identity. It is then that we can
give up the idea of expecting a predetermined teacher “self” to emerge from a linear path
of the student teaching experience and instead open up new possibilities of multiple and
contingent knowledges, experiences, and subjectivities that are productive in the making
of a teacher (p. 396).
We must work to disrupt this notion that one magically, or legally, ‘becomes’ a teacher
when certain work has been completed (Gaches & Walli, 2018; Sharma & Muzaffar, 2012). The
process, as shown through our experiences in this course, is unpredictable for each individual
and requires a messiness that does not flow in a line.
Interconnection of and between our community. We concluded our time together as a
class by returning to our class journeys timeline. We had constantly revisited this throughout the
course and would reflect and discuss what we were adding meant to us. During the last class, we
continued to analyze our journeys timeline and decided the best way to represent ourselves as
science teachers, through the experiences we had shared. This decision was not easy. Students
went back and forth, questioning which experiences represented which part of our timeline.
Finally, McKenzie gave a suggestion. She suggested that the cards cannot be separated by
experiences or what they represent, because they all represent something different for each
person. With that, each experience has an important part in how we see ourselves as science
teachers and the kinds of science teachers we want to become. This statement acknowledged the
connection of experiences, individually and communally.
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Students agreed on this idea and decided it would make sense to separate the cards by
their color rather than the experience that was written on them. Additionally, they agreed that
they were all part of one flower with separate roots, as they were all connected in this journey
because of being in this class together. However, they each are growing and becoming in their
own way, which they chose to signify by writing each person’s name on a root of the flower. In
this mapping process, they requested that I add pictures and sample work to show the other parts
of this class that make up our journeys. Students did not feel their reflections on experiences
alone represented the pieces of our map. They requested the addition of work – of things
produced – to show and give ideas about what we did in the class that supported and challenged
them as science teachers. Also, students did not just request to show their work as a
representation of what we did in the class, as the reflections and our timeline were pieces they
wished to include as well. In their analysis of our timeline, they showed and discussed how our
class was a community. Within our community, we each had a personal space to reflect, share,
and learn but we were also a piece of each other’s experience throughout the process. It was this
community focused view that supported our constant questioning of how we view science and
ourselves based on our experiences.
Throughout the course students were able to “ask-after their own subjectivities by
questioning how they have come to understand various practices or situations as common place”
(Bazzul, 2012, p. 3). Students’ end of course analysis revealed that it was easier to describe the
kind of science teacher they want to be as opposed to the kind they currently are and each
experience, reflection, and piece of work makes up a different part of their views on science and
themselves as science teachers. These pieces cannot be classified, sorted, or separated, rather
they are all important pieces of how they view themselves. Not only can their own experiences
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and reflections not be sorted, but our class representation must show all of us together, since we
were on this journey collectively.
Conclusion
At the beginning of this class, six separate stories collided in an elementary science
methods classroom. Each participant spoke of different conceptualizations of science and who
she wanted to be as a science teacher. Being that all participants were female, we noted possible
similarities in the underrepresentation of females in science careers and how that may have
impacted how we think of science. Each student had her own notebook to keep reflections and
notes throughout the course, and these reflections show where their ideas overlapped with each
other, but also where they differed, acknowledging the idea that science teacher identity is not
uniform, but different. To show this visually, we created a class journeys timeline that spanned
the 16-week course. Beginning with a traditional look, the timeline was transformed into a
flower in order to show that the students think of themselves as still becoming science teachers
and acknowledging the importance of each other and their work in this class as pieces that make
up the science teacher they are and want to be. In the following chapter, I will revisit my focus
questions and discuss the findings, significance, limitations and implications in more detail.
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Chapter 5
Conclusion
In this study, I explored, in collaboration with six pre-service elementary teachers, how
they conceptualize themselves as science teachers through the co-creation of a science methods
course. Using PAR as a methodology, the participants (students) and I created an elementary
science methods course together, without the constraints of a traditionally prescribed curriculum.
We navigated tensions in the teacher – student relationship, focusing on their questions,
expectations, and ideas to guide the content and assignments in the course.
As a currently certified elementary teacher and a former middle school science teacher,
the questions surrounding how elementary teachers do, or do not, see themselves as science
teachers guided my thinking in the creation of this project. By thinking through the design with a
Foucauldian view of subjectivity, I questioned what could be done differently in teacher
preparation that would allow each student to see her/himself as a science teacher. I knew my own
experiences and conceptualizations were a part of how and why I began to see myself as a
science teacher, but did not want to assume the same for every student. An approach to science
teacher identity as an expression of subjectivities, as discussed by St. Pierre (2000), spurred my
thinking to move beyond an assumed similar identity, often perpetuated by traditional teacher
education programs, for science teachers but rather open space for difference as identity. These
thoughts and subsequent readings of Foucault (1988), bell hooks (2014), and Chris Emdin (2016)
gave me the idea to see what happens with elementary pre-service teachers when a science
methods course is co-created rather than prescribed.
The class consisted of six students, all who agreed to participate by allowing their data to
be used in this study. Data produced consisted of the syllabus creation, journaling, class work,
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class conversations, teacher observations, and a class journeys timeline. Students not only
participated in the development of the course content, but also consistently reflected on their
science teacher identities by answering and analyzing various prompts. The course concluded
with each student making a final presentation on their dream science classroom, which included
their science teaching philosophy, conceptualizations of themselves as science teachers, and
ideas for their future classrooms. At the very end of the class, we returned to our class journeys
timeline, a creation that started in the first class, and analyzed our time together by creating a
visual representation of our experiences. In this chapter, I will report my findings in relation to
the focus questions of this study. After, I will discuss the significance, implications, and future
research as related specifically to this study.
Findings
I began thinking about how to do differently in elementary teacher preparation when
attempting to design my dissertation research in a Qualitative Design course. Through this
process, I came up with three questions that guided my thinking as I (un)planned. Initially, I
called these research questions; however, when choosing PAR as a methodology, I realized by
creating my own research questions I was not staying true to the traditions of PAR. Therefore, I
renamed these focus questions, denoting that they focused my planning and purpose for the study
but were not necessarily the same questions that the participants would bring to our research. The
focus questions that guided my thinking for the restructuring of our methods course were:
1. How do pre-service elementary teachers understand science education?
2. How do pre-service elementary teachers conceptualize their science teacher identities?
3. How do the experiences of pre-service elementary teachers constitute the kind of
science teachers they want to become?
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To discuss the findings of the study, I will respond to the focus questions regarding science
teacher identity, noting the implications for elementary teacher education programs related to
using PAR as pedagogy and its relation to identity work.
How do pre-service elementary teachers understand science education? In our first
class, students began by listing questions they had about science education. This activity coupled
with their object representations of science, began our discussion regarding what science is. Each
student conceptualized science differently. To further understand why we could each describe
science differently, we discussed our high and low moments in science. This activity allowed us
to see that our conceptualizations of science were tied to different experiences we had, which is
in line with Avraamidou’s (2016) and Mensah’s (2016) findings from previous work with
elementary teachers in science. This question, what is science, was asked at multiple times
throughout the course. There was no instance where a student gave the same answer that they
had previously given (See Figure 28).

Figure 28. Students’ conceptualizations of science throughout the course
Each time they were asked this question, they explained science in a different way. As
students had different experiences with science, or saw it presented in a way in which they had
never seen, their ideas about what it was shifted. This was not a one-time occurrence, rather
something that continued to shift back and forth between ideas throughout the course. This again
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speaks to the ties between experiences and conceptualizations as often seen in elementary
science education research (Avraamidou, 2016; Mensah, 2016).
How do pre-service elementary teachers conceptualize their science teacher
identities? In specifically thinking about the position of future teachers as science teachers,
reflections on past experiences in schools was a main talking point. Avraamidou (2014)
discusses this as a common occurrence for elementary teachers, who often recall negative
experiences in school relating to science. It was often discussed that the ways in which we view
science and science teachers were tied not only to the experiences in science classes, but also to
specific teachers we had. Some discussed wanting to be the kind of science teacher they had, and
others shared the desire to be the science teacher they did not have.
For example, Ronnie responded to a high moment as being from a class where the teacher
provided a lot of hands on experiments and later noted that she wanted to be like this teacher.
Susan, however, did not have any memories of science teachers that were positive which led to
her response that she wanted to be the kind of science teacher she never had. Anna recalled a low
moment in science specifically being tied to the teacher’s response that her project idea was too
ambitious. Anna then responded with the kind of science teacher she wanted to be as one who
supported students and showed them that they are scientists. These responses push more on the
relation of experiences in school to science teacher identity by noting that, when thinking of
themselves as teachers, they relate science in school to the science teachers they had
(Avraamidou, 2014; 2016; Mensah, 2016). This connection may prevent or encourage them to
become a certain kind of science teacher. Avraamidou (2016) pointed out the importance of
gender recognition amongst science teachers for future educators and their experiences in science
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however the finding from this study suggests that it is more than who the teacher is but also how
the teacher represents science.
Throughout the course, as shown in Chapter 4, students’ conceptualizations of science
and themselves as science teachers, shifted. While it would be nice and neat to say these
corresponded in some linear progression, what we saw in our course was that this process is not
neat – but rather messy, unpredictable, and not linear. Jackson (2001), Gaches & Walli (2018),
Sharma & Muzaffar (2012) and all discuss the non-linearity process that is becoming a teacher.
The findings from this study support this notion, that simply because a student completes a
course or program, does not mean that they will follow checkpoints on a set path to seeing
themselves as a teacher; rather, becoming is an individualized process.
How do the experiences of pre-service elementary teachers in a science methods
course constitute the kind of science teachers they want to become? The goals, expectations,
and assignments listed by the students varied, again based on their previous experiences. Lauren
requested to see science being taught in an elementary setting, because she had not seen it in
placements in her teacher education program. However, other students had seen science taught in
an elementary setting and therefore did not request it. Five students requested a unit plan
assignment to see how to plan cohesive science lesson based on a unit plan they had completed
in their social studies methods course. One student was hesitant however, having had a negative
experience with the previous assignment. Some assignments, specifically the student interview
and classroom design project, were assignments I created to capture the questions and
expectations students had for the course. This is to stay that the experiences in the course were
focused around the goals, expectations, and assignments, but these experiences were different
and constituted each student in different ways. Experiences cannot be tied to one assignment,
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when completing an assignment or participating in class, students are brining with this other
understandings and experiences. Each of these make up their own conceptualizations and
constitutions of who they are in their positions as science teachers. Constant reflection allowed
students to think about how they were coming to see themselves as science teachers, drawing
their attention to this question in correlation with various activities that took place in and out of
class (Foucault, 1988).
One experience that seemed to be equally challenging and rewarding for the students was
teaching a science lesson in their residency classroom. As students are positioned as subjects in
multiple ways in teacher education programs specifically as students but also future teachers,
discomfort and tension is common (Jackson, 2001). When creating lesson plans for their
residency placements, many students felt conflicted about what could and could not be done
based on multiple factors such as mentor teachers, evaluations, standards, and curriculum
causing questioning in what kind of science teacher they can actually be.
Students reflected on whether their lesson plans reflected the kinds of science teachers
they want to be, with many saying no due to these limiting factors. These experiences within
different classrooms provided different tensions for each student. For example, Anna had free
choice over what and how to teach her students. This, however, made her excited but nervous as
she did not feel as if she had much guidance. Lauren received negative feedback from an
evaluator regarding something she did not see as an issue for her class, causing her to question
the ways in which she was attempting to teach. Susan struggled finding a place to teach, and
therefore a standard to prepare for, due to her mentor teacher not having a science section.
McKenzie and Ally both received positive evaluation comments which provided a sense of
confidence in their science teaching. These experiences within a classroom structure, with
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shifting power relations between student, teacher, PIM, and evaluators, constituted each in
different ways based on the different experiences they had. The common finding that experiences
are tied to how pre-service elementary science teachers see themselves as science teachers is
important to note here (Avraamidou, 2014; 2016, Mensah, 2016), but specifically note that
experiences are different for each student, meaning science methods course should support
different ideas and conceptualizations surrounding science teaching as to allow all students to see
themselves as science teachers (Jackson, 2001).
Significance
As has been discussed, there are not a lot of studies focusing on elementary science
teacher identity as most focus on secondary (Avraamidou, 2014; Mensah, 2016). In conjunction
with this, subjectivity as a theoretical framework is lacking in science education research
(Bazzul, 2016). The importance of exploring elementary science teacher identity can be
connected to what we do know. We do know that women are underrepresented in STEM careers.
We also know that most elementary teachers in the United States are women, and we know that
science is not usually taught on a daily basis in elementary schools in the U.S. This study, using
subjectivity as a theoretical framework, explored how elementary teachers come to see
themselves as science teachers within a science methods course. This study utilized PAR to open
spaces for students and myself to think and do differently.
While the activities and assignments did not differ from what are traditionally found in
science methods courses, the students’ questions, ideas, and goals drove what content was
selected for the course, making them invested in the content. Co-creation of a course through
PAR allowed students to reflect on their ideas about teaching science while also providing the
space for analysis of their experiences and a way in which to move forward with what they need
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to become the kind of science teacher they envision. With different experiences and questions,
students began thinking about science and themselves as science teachers differently. With a cocreated course, students’ conceptualizations of both science and themselves as science teachers
were the foundation questions for what this class needed to look like, be, and do. This fluidity
that accompanied co-creation supported the constant (re)questioning of science and ourselves as
science teachers in a non-linear way. As Jackson (2001) and Gaches and Walli (2018) and have
said, becoming a teacher is not a linear process and, therefore, teacher education programs
should be thinking of how to do things differently – approaching teacher identity for difference
as opposed to similarity.
This study utilized PAR means to co-create a course, or as a pedagogy, which provided a
way for each student to think for themselves about the kind of teacher they want to be, as well as
provide the tools to support them in that messy, unpredictable process. At the end of the course,
most students felt as if they were still learning and still growing, showing that the end of the
course is not the end of their becoming, rather a somewhat messy point in their trajectory that
will continue. The findings show that providing more than one way to view science and science
teaching creates space for pre-service elementary teachers to think about different ideas for
themselves as science teachers, pushing back on the often reiterated, exclusive notion that there
is one way to be a science teacher (Avraamidou, 2016; Lemke, 1990; Mensah, 2016).
Limitations
The study was conducted with those who voluntarily enrolled in the section of the science
methods course that I, as a graduate assistant, was assigned to teach. Our section was a night
class and all students enrolled knew each other, as they were part of a cohort model in the
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teacher education program. This allowed for a comfortableness between them that was not of my
doing. Along with this, there were only six students in this class.
As a qualitative study, the purpose is not to be generalizable, rather, to explore our
specific situation. Also, by using PAR, I acknowledge that this study would, and should, be
completely different based on the participants. Although we attempted as best we could to
genuinely co-create the course, syllabus and presentation of content were based on my
interpretations and experiences. We were bound by a syllabus created by the professor of record
that incorporated set teacher education standards and two assignments that were non-negotiable,
as this course was a required course in the program.
Implications
PAR as Pedagogy. This study was designed specifically in a way to think about doing
differently. Using PAR in a methods classroom allowed for different experiences to be brought
in, as students became an active part of creating the course and analyzing how their thinking
about themselves as science teachers changed throughout. This constant questioning and
relationship of open communication and suggestion gave them, as one student said, ownership of
the learning and provided an example of ‘differentiation’ – things they are told to do in their
classrooms with their students. PAR as a process is one in which relationships are centered, thus
providing opportunities within classrooms to shift traditional power relations (Brydon-Miller &
Maguire, 2009). Using PAR as a pedagogy in methods courses may as we learned, provide a
greater opportunity for community building and create a space where students feel okay to ask
questions, suggest changes, and reflect on their own teaching and learning in the process.
Thinking through how co-creation supported and challenged us a science teachers, PAR
as a pedagogy, as used in this course, did not assume one type of science teacher, rather the
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structure of PAR encouraged each person to think for herself and share her ideas of what
being/becoming a science teacher meant. It is because of this structure and set up of the course
that we collaborated – instructor and students – to create a course that addressed each students’
shared concerns and ideas. To further support this, we embraced tensions and challenges through
using various technologies of the self by constantly reflecting individually and participating in
discussions as a group (Foucault, 1988). PAR as pedagogy allowed students, some of which felt
confident and excited to teach science, and others who felt anxious and nervous about it, to bring
their experiences and realities into the center of the course (Emdin, 2016). The subject positions
of students as well as future teachers were being constantly negotiated throughout the course as
seen in reflections, and our class journeys timeline.
Multiple Ways of Becoming. The findings support teacher education programs
embracing the idea that becoming a teacher is not a linear process; rather an individualized on
based on differences (Jackson, 2001; Gaches & Walli, 2018; Sharma & Muzaffar, 2012). As
Avraamidou (2106) stated “to become a science teacher is a distinctly personal and intimate
affair influenced by myriads of interactions, events and experiences that cause shifts in beliefs,
values, emotions, knowledge and understandings – essentially, on identity development for
science teaching” (p. 172). Specifically, in science education, the idea that there is not one way
to do science or be a science teacher, that it is personal and different for each individual, can
support pre-service elementary teachers in their identity as science teachers. Showing them that
science can be different from their previous experiences, regardless of if their experiences were
positive or negative, gives room for them to ask questions and try different ways of teaching and
becoming. Teacher education programs can support pre-service teachers by showing there is not
one set path or one set teacher.
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Constant reflection and questioning in methods courses can support this practice.
Acknowledging multiple ways of becoming a science teacher through PAR gave students an
opportunity to envision the kinds of teachers they want to become, or their future science teacher
selves. As a piece of reflection, students were consistently asked about the kind of science
teacher they were and want to be, creating space for viewing themselves in different ways as
science teachers. At the end of the course, students shared a hesitation of still becoming science
teachers in this moment, but were confident and descriptive of their future science teacher selves.
Future research
I began thinking about ideas for future research soon after conceptualizing the ideas for
this study. My ideas were solidified when Susan posed a new question she had when the course
ended. She asked, “Will I be able to teach science the way I want to or will there be
restrictions?”. This question ties to a question that was asked in the first class regarding scripted
curriculum. Students entered concerns that they would not be able to be creative due to scripted
curriculum. At the end of the course, Susan returns to this idea that, even when in her own
classroom, she will still have certain things that could possibly keep her from teaching the way
she wants, or being the kind of science teacher she wants to be.
Following pre-service teachers as they transition into the classroom is an area that could
be explored to see the trajectories of beginning teachers. With a specific focus on science, the
discourses and structures of school systems would be pieces that play into how teachers are able
to enact their ideas regarding teaching science. Some questions to consider would be: What
happens in an elementary science classroom? When pre-service elementary teachers transition to
a different subject position (pre-residency to residency to classroom), how do they navigate these
changes? How does their new subject position impact how they see themselves as teachers? How
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does it change their views of themselves as science teachers? While these areas of study may not
be new to education, continuing on with the idea of not only thinking but doing differently and
utilizing PAR would be new ways of exploring.
There is more research to be done in the field of pre-service elementary teacher
instruction as well. Without leaving the area of pre-service elementary teachers’ science teaching
identity, much work could continue focusing more specifically on individual subjectivities and
experiences related to science, focusing on race, ethnicity, religion, gender, etc., and how they
constitute how elementary teachers see themselves in science. Using PAR as a pedagogy within
a science methods course provides space for constant, different research to take place with new
groups of students each semester.
What we want others to know
Previous work on pre-service elementary teacher science identity explored how students’
views of themselves changed throughout science methods courses that were created by a course
instructor (Avraamidou, 2014; 2016, Mensah, 2016). These studies and the lack of research on
elementary science teacher identity development (Mensah, 2016), in conjunction with a
framework of subjectivity (Foucault, 1988) prompted me to ask what can we do differently in
preparing elementary teachers to teach science. Is there a way where students can decide what it
means to them to be a science teacher? How does this disrupt traditional views of teacher
education? I decided to attempt to do differently by using PAR to co-create an elementary
science methods course with six pre-service elementary teachers and explore their journeys to
becoming science teachers. To close, I would like the students to have the last words. In their
own words, here is what they would like others to know about the co-creation of our science
methods course:
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“I loved having choices and did not feel intimidated or afraid to participate.” – Susan

“This class was a cooperative learning class. It was fun. She engaged everyone. We all worked
together. It was awesome! Fun, great class visitors, great talks, great food, laughter, fun.” –
Ronnie

“I LOVED experiencing class this way! It gave a huge sense of community within the classroom
and helped me feel responsibility and ownership in the classroom.” –McKenzie

“I felt like I had a choice and voice within this class. I’ve learned so much but it didn’t feel
stressful. I looked forward to class and enjoyed learning. This class has shown me ways to teach
that I didn’t think were possible.” - Lauren

“I loved being able to design ad class to fit my and our classes needs. In education we are taught
to differentiate in accordance to our students' needs. I felt this course perfectly modeled that. In
this course I was valued as not only a student but also an adult and future educator. I enjoyed
learning and took ownership in this course because of the way the course was designed.” - Anna

“I would love people to know that this course is not intimidating. I want other to know what we
helped create the outline of this course and by doing so, I was ultimately was more interested I
this course as a whole. I also learned so much from this class – things that I honestly wouldn’t
have thought.” – Ally
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Appendices
Appendix A: Course Syllabus

College of Education
The University of Memphis
Instruction and Curriculum Leadership
ELED 3261 Thematic Instruction K-8
Science Methods
Spring 2019
Logan Caldwell
POR
Rachel Askew
Instructor; Graduate Assistant

College of Education Norms
I take 100% responsibility.
I seek equity of voice.
I am willing to talk about sensitive issues.
I listen for understanding.
I appreciate the strengths and contributions of others.
I bring positive energy and encouragement to the team.
I commit to the mission of the college.
I am a professional and my actions reflect that role.

ELED 3261 Thematic Instruction K-8 Science Methods
Catalog Course Description: Curriculum, methods, and materials for teaching integrated
science curriculum with a focus on real-world experiences with diverse students. Emphasis will
include critical reflection of how to improve learning and instruction for all students. 3 credits.
Prerequisites: Admission to Teacher Education Program (TEP)
Required Material: Journal, LiveText
Required Texts:
Required texts available via eCourseware
Recommended Text(s): Optional
Martin, D. J. (2012). Elementary Science Methods: A Constructivist Approach (6th Ed.) Pearson
ISBN 9781111305437
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Ansberry, K. & Morgan, E. (2010). Picture Perfect Science Lessons (Expanded 2nd Ed.) NSTA
Press. ISBN 978-1-935155-16-4
(Note: they also offer an eTextbook version of the book)
Resources:
Provided by Instructor via free download:
National Research Council. (2012). A framework for K-12 science education: Practices,
crosscutting concepts, and core ideas. Washington, DC: The National Academies Press.
http://www.nap.edu/catalog.php?record_id=13165#
Title
Ambitious Science
Teaching
Next Generation Science
Standards
Ready, Set, Science!

Link
https://ambitiousscienceteaching.org/

National Science Teachers
Association

www.nsta.org

http://www.nextgenscience.org/next-generation-sciencestandards
https://www.nap.edu/catalog/11882/ready-set-scienceputting-research-to-work-in-k-8

Livetext: This course, and others in your program, requires LiveText access via a ONE TIME
purchase. Purchase BASIC access through the campus bookstore or from LiveText.com DO
NOT purchase access elsewhere or “USED”.
COEAS Key Assessments: Content Knowledge and Assessment and Lesson Planning
Support of Conceptual Framework: This course is a course in pedagogical content knowledge
and curriculum development that further develops the students’ knowledge of current theory
as it applies to best practice in teaching content and the integration of content.
Methods of Instruction:
a. Classroom discussions
b. Professional Reading
c. Cooperative learning/group work
d. Interactive/hands-on activities
e. Lesson planning and teaching
f. Discussion Questions (written reflective responses)
Course Objectives-Teacher candidates are expected to achieve the following course
objectives that are based on selected standards from the following:
• Tennessee Initial Licensure Standards (1997)
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•

2012 NSTA Preservice Science Standards

Tennessee Initial Licensure Standards (1997)
Standard 1: Discipline Taught. Candidates know, understand, and use the central
concepts, tools of inquiry and structures of the discipline(s) they teach and can create learning
experiences that develop student competence in the subject matter.
Standard 2: Student Learning and Development. Candidates understand how students
learn and develop and provide learning opportunities that support student intellectual, social
and personal development.
Standard 3: Diverse Learners. Candidates understand how students differ in their
approaches to learning and create instructional opportunities that are adapted to diverse
learners.
Standard 4: Teaching Strategies. Candidates understand and use a variety of
instructional strategies to encourage development of critical thinking, problem solving and
performance skills in students.
Standard 5: Learning Environment. Candidates use an understanding of individual and
group motivation and behavior to create a learning environment that encourages positive social
interaction, active engagement in learning and self-motivation.
Standard 7: Planning. Candidates plan instruction based upon knowledge of subject
matter, students, the community, and curriculum goals.
Standard 9: Reflective Practitioner. Candidates are reflective practitioners who
continually evaluate the effects of their choices and actions on others (students, parents and
other professionals in the learning community) and who actively seek out opportunities to grow
professionally
2012 NSTA Preservice Science Standards
Standard 1: Content Knowledge. Effective teachers of science understand and
articulate the knowledge and practices of contemporary science. They interrelate and interpret
important concepts, ideas, and applications in their fields of licensure.
Standard 2: Content Pedagogy. Effective teachers of science understand how students
learn and develop scientific knowledge. Preservice teachers use scientific inquiry to develop this
knowledge for all students.
Standard 3: Learning Environments. Effective teachers of science are able to plan for
engaging all students in science learning by setting appropriate goals that are consistent with
knowledge of how students learn science and are aligned with state and national standards.
The plans reflect the nature and social context of science, inquiry, and appropriate safety
considerations. Candidates design and select learning activities, instructional settings,
resources—including science-specific technology, to achieve those goals; and they plan fair and
equitable assessment strategies to evaluate if the learning goals are met.
Standard 6: Professional Knowledge and Skills. Effective teachers of science strive
continuously to improve their knowledge and understanding of the ever changing knowledge
base of both content and science pedagogy, including approaches for addressing inequities and
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inclusion for all students in science. They identify with and conduct themselves as part of the
science education community.
Course Specific Objectives:
The primary goal of the course is to provide teacher candidates with basic skills and content
knowledge to teach elementary and middle school science. In addition:
1. Teacher candidates will demonstrate understanding of Elementary and Middle school
science through the use of inquiry-based, open-ended and material-based investigation,
incorporating pedagogical techniques required to deliver effectively the content in a
safe environment.
2. Teacher candidates engage in multiple levels of inquiry that incorporate the science and
engineering practices as described in the NGSS in each discipline or science (life,
physical, earth-space, engineering).
3. Teacher candidates demonstrate the interrelationships among the various science
disciplines, literacy, mathematics, and social sciences by integrated teaching practices.
4. Teacher candidates foster the creation of a classroom culture that supports higher levels
of questioning, controversial discussions, collaborative learning, and real world
connections using culturally relevant pedagogy.
5. Teacher candidates plan lessons that incorporate a learning cycle- engagement,
exploration, explanation, extension, and evaluation- and safe management of materials
for all students (including but not limited to gifted, students on 504s and/or IEPs, and
ELLs)
6. Teacher candidates explore the various tools and resources needed in a K-8 science
classroom.
Graded Assignments
Graded
Assignments

Assignment Description

Science Lesson
Plan with
elementary
clinical
placement
students; with
clear planning
for diverse
learners

Develop a lesson plan
including well
developed
accommodations and
modifications section
with a focus on
Enrichment and
Remediation

Rewrite:
Science Lesson
Plan with
elementary

Rewrite original lesson
plan

Is product
assessed as
performance
based?
Yes

Standards
associated with
this assignment

Possible
Points

•
•

NSTA 1, 2, 3, 6
TN Licensure
Standard 1, 2,
3, 4, 5, 7

30 points

Yes

•
•

NSTA 1, 2, 3, 6
TN Licensure
Standard 1, 2,
3, 4, 5, 7

30 points
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clinical
placement
students; with
clear planning
for diverse
learners
Content Exam
(LiveText
Portfolio
Science
Resource List

Student
Interview and
Reflection

Learning
Segment

Classroom
Observation
Reflection

Textbook
Evaluation

40 questions over basic
elementary science
content and concepts

No

•
•

NSTA 1, 2, 6
TN Licensure
Standard 1,4

Create a list of six
resources that can be
used to integrate
science into the
classroom. You will
also share out your
list to your classmates

Yes

•
•

NSTA 1, 2, 3, 6
TN Licensure
Standard 1,
2,4,7

70 points

Interview a student
(from your placement
or a student you know)
about a science topic.
Reflect on the process.
Review one other
student’s reflections.
In pairs, create and
present a 4-5 lesson
learning segment on a
science topic to
construct an evidencebased explanation
around an interesting
phenomenon/anchoring
event, with integrated
assessment.
Observe science lessons
being taught and
complete the reflection
form. ( Completed in
class - 3 @ 10 points
each)

Yes

•
•

NSTA 1, 2, 3, 6
TN Licensure
Standard
1,2,3,7,9

50 points

Yes

•
•

NSTA 1, 2, 3, 6
TN Licensure
Standard 1, 2,
3, 4, 5, 7,9

100 points

Yes

•
•

NSTA 1, 2, 3, 6
TN Licensure
Standard 1, 2,
3, 4, 5, 7,9

30 points

Evaluate a K-8 science
curriculum program.
Review its alignment to
standards and
relevance to students.

Yes

•
•

NSTA 1,6
TN Licensure
Standard 1, 2,
3, 4, 5, 7,9

30 points
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Science
Classroom
Design

In detail, describe your
ideal science classroom
including; sketch of
classroom; written
overview of the room;
and your philosophy as
a teacher in the space.

Yes

•
•

Total

NSTA 3, 6
TN Licensure
Standard
5,7,9

35 points

375 points

Course Requirements and Student Expectations:
Attendance: Students are expected to attend all classes for the full time period and
complete all readings prior to the class meeting assigned. You are expected to attend all
classes for the full time period called for in the schedule. Students are accountable for
content, assignments, and announcements made during class and should make
arrangements (with a classmate) to get the information if absent. For this class attendance
is required. Arrival at class late or leaving early twice equals one absence. After two
absences, your grade may be impacted. If possible, please inform your instructor if you will
be late, absent, or leaving early. Contacting your instructor by email is the most efficient
means of contact. Electronic devices will be allowed in class. However, these devices must
be used appropriately for instructional purposes.
Attendance in Clinical Placement: Failure to complete required pre-residency
clinical hours results in failure of the courses and may delay acceptance into
Residency. You are required to attend all 14 days of clinical placement on your
assigned field day. Additional clinical hours are encouraged but these hours cannot
take the place of your designated field day that is required for the 14 days.
Additional hours must be approved by your PIM.
Assignments are uploaded to www.ecourseware@memphis.edu and placed in the appropriate
dropbox which is labeled for that assignment. Due dates for assignments will be posted in
ecourseware, and, if not submitted by that date and time, you will be locked out of that
dropbox. Assignments are still due even if the student is absent from class.
Promptness: Promptness is part of professional demeanor. We start class on time, and we will
end class on time. Two tardies equal one absence. See above for absence policy.
Professionalism: Active participation is necessary for success in the course and is expected of
all students. Cell phones should be on “vibrate” or “off” and the student should refrain from
texting and emailing in order to fully participate in class. Violations can result in a reduction of
points or unexcused dismissal from class.
Written Assignments and Academic Misconduct: All submitted written work must be the
student’s original work. It must conform to the guidelines of the American Psychological
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Association (APA) available online and via their publications. This means that any substantive
ideas, phrases, sentences, and/or any published ideas must be properly referenced to avoid
even the appearance of plagiarism. It is the student’s responsibility to know all relevant
university policies concerning plagiarism. Any documented cases of plagiarism can and will
result in dismissal from the course with a failing grade, and may result in other more serious
sanctions by the College of Education
Grading Criteria:
Percent
93-100
85-92
77-84
70-76
0-69

Grade
A
B
C
D
F

UNIVERSITY OF MEMPHIS POLICY & GUIDELINES
Americans with Disabilities Act
The University of Memphis does not discriminate on the basis of disability in the recruitment
and admission of students, the recruitment and employment of faculty and staff, and the
operation of any of its programs and activities, as specified by federal laws and regulations. The
student has the responsibility of informing the course instructor (at the beginning of the course)
of any disabling condition, which will require modification to avoid discrimination. Faculty is
required by law to provide "reasonable accommodation" to students with disabilities, so as not
to discriminate on the basis of that disability. Student responsibility primarily rests with
informing faculty at the beginning of the semester and in providing authorized documentation
through designated administrative channels.
Non-discrimination and acceptance of diversity
Diversity means the fair representation of all groups of individuals, the inclusion of minority
perspectives and voices, and the appreciation of different cultural and socioeconomic group
practices. We aspire to foster and maintain an atmosphere that is free from discrimination,
harassment, exploitation, or intimidation. Academic courses will aim at providing opportunities
for students to discuss issues of diversity including, but not limited to, ethnicity, gender,
disability and sexual orientation as they can be related to course content. The University of
Memphis has adopted policies prohibiting discrimination based upon race, sex, disability, or
sexual orientation. In addition, the American Psychological Association has explicit policies
regarding the issues of and writing about race, gender, class, sexual orientation, disability,
ethnicity, and religion. You may find information on these standards in the APA Publication
Manual or on the APA webpage: http://www.apa.org/pi/oema/.
Disability Resources for Students
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If you have a disability that interferes with completion of this course and may need class or test
accommodations based on the impact of a disability, please let the instructor know privately at
the beginning of the course, and I will seek consultation on how best to adapt course materials
or instruction. Please provide me with proper documentation from the Disability Resources for
Students (DRS). Their website is www.memphis.edu/drs Students with disabilities are
encouraged to contact the DRS for the university at 678-2880 or by going to the DRS office
which is located at 110 Wilder Tower. The DRS coordinates reasonable accommodations for
students with documented disabilities.
Professional Dispositions
The College of Education has approved a list of professional dispositions expected of all students
while enrolled in undergraduate or graduate courses in the College of Education. You are
expected to familiarize yourself with the College of Education's Professional Dispositions.
Failure to demonstrate the College's dispositions in class or field experiences can affect your
continuance in a course or program of study.
Plagiarism
Plagiarism or cheating may result in your case being referred to the Academic Discipline
Committee that addresses academic misconduct. This decision is up to the discretion of the
instructor. Students are expected at all times to behave in accordance with the American
Psychological Association Code of Ethics. Students should be familiar with the academic
regulations outlined in the Student Bulletin of the University of Memphis and to observe
policies regarding student conduct published in the Student Handbook.
Electronic communication
Course announcements as well as consultation with the instructor may occur via e-mail
messages. Each student must maintain an e-mail account and is responsible for checking for
course messages on a regular basis. The University of Memphis offers free e-mail services to
students. Students without an e-mail account can bring their university ID cards, swipe them,
and set up an account at the Smith or McWherter computer labs or students can bring their
cards to the information technology helpdesk, room 124 in Administration Building for
assistance.
Awarding an Incomplete Grade: A grade of “I” (Incomplete) may be assigned by the Instructor
in any course in which the student is unable to complete the work due to EXTRAORDINARY
events beyond the individual’s control. The “I” may not be used to extend the term for students
who complete the course with an unsatisfactory grade. Unless the student completes the
requirements for removal of the “I” within 45 days (undergraduate courses) or 90 days
(graduate courses) from the end of the semester or summer term in which it was received, the
“I” automatically changes to an “F,” regardless of whether or not the student is enrolled.
Ethics for eCourseware Users:
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All students are expected to comply with the spirit of these guidelines in their online
communications, based on principles of courtesy, tolerance, and professionalism. In particular,
please note the following:
a. Remember NOT to write anything you, anyone you write about, or your company
wouldn't want to see publicly printed; computer messages are not absolutely private.
b. Be sure to give citations for quoted materials or others' ideas, just as one would in hard
copy.
c. Obtain permission before forwarding personal notes or messages.
d. In the conferencing format, students are responding to the entire class (public domain).
If that is not what is intended, students should use email to address one/several
students or the instructor (private domain).
e. Be cautious: when using BOLD typeface or all capitals (will people think you are
shouting at them or simply emphasizing a point?); when using words or phrases that can
stereotype people; or when responding to ideas about which one feels strongly.
f. It is best to keep online comments limited; one screen is usually sufficient.
g. Be sure to reread messages before sending, and edit as necessary.
h. Avoid satire or sarcasm. Few people can successfully write humor and satire. A
probable and perhaps lasting misunderstanding is not worth an unlikely and passing
chuckle.
i. Practice patience and courtesy when reading as well as writing online.
j. Do not use offensive language, and do not be confrontational for the sake of
confrontation. Treat all class members with respect and courtesy, and ask yourself,
"Would I say this if we were sitting in a face-to-face classroom?" If the answer is no,
rewrite and reread.
Above all, remain polite and professional at all times.
Reaching your instructor
I will be in my office, currently Ball Hall 415, on Mondays from 12-5. If you need to contact me,
email is the most effective form of communication. If you send an email between 9 am-4 pm,
you will receive a response quicker than if it is after 4 pm. Regardless, I will respond to your
email within 24 hours. Email: rdking1@memphis.edu
As your instructor, I understand the demands of school and life and am here to help you
navigate these areas. Life can be unexpected and messy. “During your college experience, there
may be times when you face personal or financial difficulties. The University of Memphis cares
about your well-being and wants to make sure your basic needs are met in order to achieve
academic success. Thus, we have compiled a list of resources to assist you in finding support for
emergency housing, financial assistance, food and clothing resources, healthcare needs and
more. If you are experiencing challenges, we also encourage you to talk to someone at the
university. Whether it is your academic advisor, your professor, or a university staff member,
we are all here to help you succeed.” If you need assistance in any way, here are some places
on campus that may be of service:
Student Affairs: https://www.memphis.edu/studentaffairs/dos/crisisresources.php
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Running head: BECOMING A SCIENCE TEACHER TOGETHER

Week

Topic(s) In Class

Assignments & Out of
Class Work

1
Jan 14

Welcome & Overview
What is science? Who are science teachers?
Our Science Journey
Goals for this Course

Review syllabus and comment with
suggestions

Week 2- Jan 21 MLK Jr. Day – No Class
3
Jan 28
What is science?

4
Feb 4
What is science?

5
Feb 11
Who are Science
teachers?

Science in Elementary Schools
Science Standards: NGSS & TN
Nature of Science

Reading Discussion
Integrating Science in the Elementary Classroom
Integrating Literacy/Math in the Middle School
Science Classroom
Answering Tough Questions Part II:
Puddle Unit Day1
Strategies for teaching science
Ambitious Science Teaching; 5E; Storylines;
Project Based Teaching
Answering Tough Questions Part II:
Exploring Science Content: Disciplines of Science

6
Feb 18
Who are Science
teachers?

7
Feb 25
How do we teach
science?

Where to find resources Part I: Guest Speaker –
Agriculture in the Classroom
Part II: Talking Science & DCIs Review

Part I: Moon Phases Investigation
Puddle Unit Day 2
Observation Videos
Part II: Curriculum Review (Being Creative with
Scripted Curriculum)
Taking a standard apart: Ideas

For next week (choose 1):
Ready, Set, Science (Ch 1)
Teaching Science in Elementary and
Middle School (Ch 1)
Elementary Science Methods (Ch 1)
For next week:
Framework: Introduction to DCIs
Talking Science Chapter 5
Work on 1st draft of lesson plan
1st draft lesson plan due Feb 15
Choose learning segment partner and
template.
Talking Science Chapter 5

For next week:
Gutiérrez, R. (2016). Strategies for
creative insubordination in mathematics
teaching. Special Issue Mathematics
Education: Through the Lens of Social
Justice. (PAGES 53-60 ONLY)
Enjoy spring break!
Optional: Meyer, X., & Crawford, B. A.
(2011). Teaching science as a cultural
way of knowing: Merging authentic
inquiry, nature of science, and
multicultural strategies. Cultural Studies of
Science Education, 6(3), 525-547.
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In Class Workshop: Textbook
Evaluation Due (end of class)

Week 8 – Mar 4 - Spring Break – No Class
Part I: Puddle Unit Day 2
Textbook Evaluation Review
Unpacking Standards: Core Ideas
9
Mar 11
Science teaching for
all

10
Mar 18
Science teaching for
all

11
Mar 25
What do we need in
our classrooms?

Part II:
Culturally Relevant Teaching in Science: When
students aren’t interested
Photo Activity
What does CR teaching mean? What does it look
like? (Student choice/discussion/bringing in and
acknowledging their realities – How can you do
this with a scripted curriculum?)

For next week:
Ladson-Billings, G. (2014). Culturally
relevant pedagogy 2.0: aka the
remix. Harvard Educational Review, 84(1),
74-84.
Emdin, C. (2008). The three C's for
urban science education. Phi Delta
Kappan, 89(10), 772-775.

Part I: Puddle Unit Day 3 & 4 (Wrap Up)
Work on science resource list
Part II: Culturally Relevant Teaching in Science:
Sociocultural Embeddedness
Fish Weir Activity and Critique
Science Tools and Resources:
Where to find resources & What resources to
look for
Part I: You be the Chemist – Guest Speaker Alex
Eilers from the Pink Palace

Science Resource List Due
Before interviewing:
Russ, R. S., & Sherin, M. G. (2013). Using
interviews to explore student ideas in
science. Science Scope, 36(5), 19.

Part II: Present Resource Lists
12
Apr 1
Making science
thinking visible

13
Apr 8
Connecting science
lessons
14
Apr 15
What kind of science
teacher do you want
to be?

No class – NARST Conference
Conduct Student Interviews
Review partner student interview

Interviews and Reflections Due
Online by Saturday, April 5 at
11:59 pm

No class – AERA Conference
Work on Learning Segments
Watch Observation Videos and Reflect (15 min)

Part I:
Class Discussion: Controversies in Science
Learning Segment Presentations

Learning Segments Due
Write questions for the panel

Part II:
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In Class Workshop: Designing your
science classroom
15
Apr 22
Becoming a science
teacher…
16
Apr 29
Becoming a science
teacher…

Pizza and Panel: Q&A

Content Exam (in class)
Presentations of Science Classroom Design

Classroom Design Due
Final Lesson Plan Due

Note: Science Lesson Plan Rewrite: Due after teaching lesson
*Syllabus is a working document, modified by student and instructor needs.
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Appendix B: Course Assignments Overview
ELED 3261 Assignment Overview
1. Clinical Placement Science Lesson Plan 1st Draft: You will write a lesson plan based
on an inquiry-based model of instruction to execute in your clinical placement
classroom. It can be small group (4 or more students) or whole group led. You will
include an extensive accommodations and modifications section that addresses diverse
learners. You should have a focus on Enrichment and Remediation.
2. Clinical Placement Science Lesson Plan Rewrite: You will rewrite your lesson plan
based on feedback from your instructor. This lesson plan will be your LiveText Porfolio
Artifact- you are responsible for posting by the end of the course.
3. Clinical Placement Lesson Reflection: Within 24 hours after teaching your science
lesson in your elementary clinical placement, respond to the prompts on the template
provided. Your reflection needs to be typed and submitted in eCourseware’s dropbox
within 24 hours from the start of the lesson.
4. Science Resource List: You will research and create a list of six resources that can be
used to integrate science into the classroom. You must include: resource name, website
(if applicable), summary of the resource, a brief science lesson plan idea including
grade, TN state standard, and the part of the resource being used. You will share out
your list to your classmates. (A template will be provided.)
5. Student Interview and Reflection: You will interview a student from your
teaching context to uncover their thinking about a scientific concept. You will
submit a written analysis of the interview in which you draw upon evidence
from your notes to summarize the students’ scientific thinking. You will also
discuss what you did (questions you asked, problems you posed, ideas you
seeded, etc.) that seemed to help you to elicit the students’ thinking, as well as
what proved less helpful. You will send your reflection to your partner via email,
and they will send you their reflection. The reflection should protect student
identity, but allow the reader a sense of the student’s age and an overview of the
topic discussed. You will review your partner’s reflection and provide feedback.
All documents (your interview notes; your reflection; and your reflection on
your partner’s interview) will be submitted to eCourseware by the stated date.
6. Learning Segment: With a partner, you will write a Learning Segment consisting
of 4-5 lessons. You will write this Learning Segment following a your choice of a given
template. The Learning Segment should include a clear beginning and end with
assessment integrated and address all portions of the
template.
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7. Classroom Observation Reflection: Observe science lessons being taught and
complete reflections in your science journal. (Completed in class - 3 @ 10 points
each)
8. Textbook Evaluation: Using a template provided in class, evaluate a K-8 science
curriculum program. In this evaluation, you will review its alignment to
standards, relevance to students, and give possible suggestions for change.
9. Science Classroom Design: In detail, you will describe your ideal science
classroom including: a sketch of your classroom; written overview of the room
(how will it sound, feel, look); and your philosophy as a teacher in the space. Your
philosophy must connect to the description of the room. Presentation styles may
vary from Pinterset, Prezi, PowerPoint, Word Document, Padlet, etc.
10. Content Exam: 40 question multiple choice exam over Science content (Score is
LiveText Portfolio Artifact entered by instructor)
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Appendix C: Reflection Prompts
1. What questions do you have about science/science education?
2. What kind of science teacher do you want to become?
3. What are your expectations and goals for this course?
4. What do you remember about science when you were in elementary school?
5. How does this classroom (from observation video) relate to what you remember about
science in elementary school? From what you’ve seen in the teacher education program?
6. What is science in elementary school?
7. What is science?
8. How would you describe yourself as a science teacher?
9. What kind of science teacher do you want to be?
10. How were the stations the same? Different?
11. What if you are not great in science – could you be an effective science teacher?
12. How would you answer tough questions that students may have about the material?
13. Where did you see science over spring break?
14. What does it mean to you to teach in a culturally relevant/responsive way?
15. What questions do you have about culturally relevant teaching?
16. If someone asked you to describe yourself as a science teacher today, how would you
respond?
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Appendix E: Syllabus Planning Document
Question(s)
What grade does
science become its
own subject? (What
all does science
entail in the
lower grades?)
What are some of
the best ways to
integrate science
into the
curriculum?
How would you
answer tough
questions that your
students may have
about the material?
What if you are not
great in science could you be an
effective science
teacher?
What are some
ways to break
down difficult
material into
manageable
chunks/pieces.

Expectation
Different
approaches for
teaching science

Assignment
Integrated Literacy and
Science Unit?

Topic
Science Integration

group unit curriculum
planning (5 lessons –
highly supported in class;
prevent overexertion; not
just the same as SS;
PBL??)

Practical, Specific
see how I taught (how I
methods for
changed – what
actually teaching – happened?)
different
categories/concepts
of science
(physical, earth,
life, etc.)
Different
approaches for
teaching science
Practical, Specific
methods for
actually teaching –
different
categories/concepts
of science
(physical, earth,
life, etc.)

taking a standard &
discussing what can be
done with it (if it seems
factual/not interesting) –
TN Standards/NGSS
Standards

Different
approaches for
teaching science
How to engage
students in science
that are not really
interested.
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Content/Science
Knowledge/What is
Science/NOS

Planning & Standards

BECOMING A SCIENCE TEACHER TOGETHER
What are the must
have tools and
resources for
teaching science?

How can we be
creative with
scripted lessons?
Making lessons
culturally
relevant?? (Lesson
plan prompt) Is this
more difficult in
science?(Different
places of the
world/comparisons)
(Global science?
How are things
different in
other places?)

How to teach
science with
limited resources.
How to
communicate with
administration and
parents in a way
that allows you to
advocate for
science and the
resources you may
need.
How to engage
students in science
that are not really
interested.
How to engage
students in science
that are not really
interested.

Science resources (for
certain topic)

Tools and Resources

Bring in current teachers
for panel

Planning/Creative
Subordination

Nature of Science
CRP

Navigating
teaching and
talking about
controversial
topics
How to engage
students in science
that are not really
interested.

Uncertainty of
teaching/NOS/Debates

Would like to see a
science lesson taught in a
classroom (even if it’s just
a video)
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Each class watch a
lesson/have students
write a reflection

